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PLATE EDGE PREPARATION 


By H. E. ROCKEFELLER Or \ \/ =e 








VI R ince the Incepuol ot tusion we 





ing plate oxyacetylene cutting has been employ: 
for preparing the plate edges tor welding Pra 
callv ever e engaged in plate tabricat 
ise of the cutting process in-one form or another I 
preparation of the plate edges. The growth of appl 
tion tor the oxyacetvlene cutting process ha er 
brought about largely through the low 
quired equipment, the flexibility of its appl 
the speed with which the desired results may 
here is little question but that many ot tl 
vhich we see today which have been fabricate 
welding would not have been economically pra 
had oxvacetvlene cutti1 gy not been availabl pI 
ration and sh iping of the edges to be joined 
he general subject of oxyacetylene plat: Lor 
ration 1s a broad on It includes all cutting operation NEWER 
which may be required for the preparati the plat —— 
whether the desired edge shape is to be square, bevel 
grooved or some combination of these forms 1] 
eral subject includes the manual applicatior 
ting blowpipe such as for nozzle openings, et nd 
mechanical shape-cutting of irregular contour . " 
present discussion, however, will be limited, in gen 
the subject of machine flame cuts for the preparat ' 
rectangular plate: 
Until recently xvacetvlene cutting for the prepal 
tion of plate edges has been confined to the us« 
cutting nozzle and individual cuts An interesting e) 
umple of the application of this method which require¢ 
four passes ol the cutting nozzle to develop the desire 
edge contour was in the preparation of the circumfere1 . ‘ 


tial segments for the reducing bends in the 18-ft. diam« 


ter Penstocks for the Grand Coulee Dam Che cross 


sectional sketch of the plate edge contour for this jol ™ 


ni 


in Fig. 1 shows the four separate cuts which had to b si 
7 f A fy , ke i 4 ‘ Af 
made. The first three of these cuts wer required ti V YWWLLL v} 


prepare a type of joint form which is classified as doubl 
vee and nose. A fourth cut was used to taper the 2 
in. thick material to a 1'/» in. thickness so that a satis oT ; a 
factory joining to an abutting 1'/. in. thick plate could . 
be accomplished. The equipment used to produce th \ 
desired edge contour is illustrated in Fig. 2 It will be 
noted that a curved templet is being used to guide th | __ 
cutting machine along the line of curvature of the Pe Ma { a my 
stock section 

The beveling of flanged and dished head 


other interesting example of the single nozzle method of THE NUMBE k Vi All q 








J 
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* Presented before the 20th Annual Meeting of the Amer wn Wert OF : ¥ 293 ’ ‘ 
Society, October 22 to 29, Chicago / ‘ 

t Manager, Process Development, The Linde Air Product mpany, New Fig. 1—Design of Edge Cont roft 
York Reducing Bends in the 18-Ft. Dia eter r« 





creased speed of cutting can be obtained by the use of 
what has been termed a leading lag. With the cutting 
blowpipe held in a vertical position with respect to the 
work and being moved forward at a reasonable speed 
the cut does not extend through the work directly in line 
with the cutting blowpipe but lags behind, particularly at 
the bottom, by a varying amount depending upon a num 
ber of conditions. By tilting the blowpipe nozzle for 
ward in the direction of the cut, a leading lag 


g is secured 


he increased speed that is thus obtained, however, r 
sults in a surface which is rough and unsatisfactory for 
plate edge preparation. If a second nozzle is employed, 
placed in proper relationship to the leading nozzle, full 
advantage of the speed of leading lag cutting can be ob 
tained and, at the same time, a quality of cut surfac 
will result which is equivalent to that secured with a 
single nozzle when operated at considerably lower speeds 
Figure 6 illustrates the comparative results which ar 
obtained in the cutting of '/,-in. plate with a single nozzl 
and with the method which has just been described and 
which has been called the cut-and-trim method 





In the case of the cut and trim method, the cutting 


peed was 36 in. per min., while the single nozzle method 


progressed at the rate of IS in. a minute Phe cutting 
oxygen consumption for the cut and trim method was 

-S cu. It. per ft. as against 1.12 cu. ft. per ft. for th 
single nozzle method Thus, the cut and trim method 
provided an increase it speed of 100 per cent while onh 
consuming about 10 per cent more cutting oxyge1 Phe 


surface quality obtained with the cut and trim method 
furthermore, was superior te that with the single nozzle 
method 


here are times when the plate edge preparall ( 


quires a single bevel il di Ose, i double heve 1, Or 1 double 


bevel with nose It will be recalled that the Grand Cou 
lee Penstock sections required a double bevel with nos 
while the dished heads required a double bevel, and als 


that each of these cuts required an individual pass of the 





utting machine Recent developments have resulted 
—Cutt the tside Bevel on a Dished Head in procedures and equipment wherein these preparations 
may be produced by the simultaneous « peration of tw 

licated | r more cutting nozzles so that the desired contour 
pe of oxyacetylene plate edg made with a single pass of the cutting equipment Fig 
uti t ing the speed and reducing the cost ure ¢ shows the representative contours which have beet 
vVhile still providing improved accuracy bot} produced by the simultaneous method of preparation 
traightness of the prepared edge [he success of this method depends upon the positioning 
“ elopments include a process which ind Mf the different nozzles in such a manner as to provid 
ibilit | producing gt | preparations the proper relationship between the succeeding reactio1 
t beveled edge ones. It has been found that if the nozzles are too clos« 
{ is ¢ that 11 together there will be a fouling of one jet by anothet 





Fig. 4—The Inside Bevel for a Dished Head Is Cut by the Use of an Exten- Fig. 5—The Mounting Plate Shown in Figs. 3 and 4 May Be 
sion Arm for Positioning the Blowpipe Avoided Through the Bse of a Flexible Radius Arm Attachment 
to the Cutting Machine 
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Fig. 6 (Top)—Edge of 1-In. Plate Square Cut by Fig. 7A (Top)—Edge of | 
the Single Nozzle Method (Bottom) Edge of by Single Nozzle Method 
l-In. Plate Square Cut by the Cut and Trim In. Plate Square Cut ar 


Nozzle Method an 
()n the ther hand, 1f the nozzles are too far ipart 
proper heat balance between the reactio 
maintained lo effect an economical result and a smor 
contour, it is necessary, therefore, that car ce lake 


position the nozzles properly with respect to o i] 


PLATE RIDING DEVICE 


| 


One of the problems which aros« 


oxvacetvlene cutting tor plate edge preparat 


ticularly in the case of long cuts, was the need for m 
taining an exact interval of space between the tip of 


im « 
cutting nozzle and the surface of the plat \ wavy 
dition in the plate or the sagging of the work betwee 
ports made this adjustment rather difficult until tl 


velopment of a device for floating the blowpipes s 


the distance from the nozzle to the work would au 


t | 
In the case 


matically be maintained constant 
chine tool planing, the waves normally encoun 


plates are eliminated or reduced to within a practical 


1 


limit by the use of pressure applied along the edg: 
plate being prepared, usually by means of hyd 
acks. The development of a blowpipe floating n 


nism, or plate-riding device as it has been termed, 


Ir 


' 
pal 
il 
Lhe 
11 
1 


ever, eliminated the necessity for flattening the plate b 





qi CAT _— 
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Fig. 8Arrangement of Blowpipe Floating Mechanism 
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as the Plate Riding Device 
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re economically, it was decided to prepare the 
ls by flame-cutting and the 13-ft. sides by planing 
lescripti of the method of handling these plates 1s 
rtant to a consideration of the entire job The 
‘ handled by an air jack type of monorail hoist 
ed from the flat car adjacent to the cutting 
1 placed in position for cutting one edge After 
e they were raised, turned and placed 
utt the other edge 1ley were thet 
ible and transported a distance of 25 ft 
( machine operator performed 
’ tance H ilso removed 
I i t L ¢ Loe i fie iveTaye ec! 
r hand ich plate and preparing 
O41 | utes of th 
he a 1 cutting \pprox 
und ¢ 1. ft. of acet e wert 
ich plate 
‘ multaneot et i 
] g und st 
I l ipp il Va 
f f oil tanke 
o glate end 
‘ a ts ee 
I t ~ > i 
] ’ 
l i ( 
Ye prey 
4 717 
1 ) ef 
| eet 
i I G jl Ipmme 
‘ taneou 
lce-tvin 
icent tf he 
1} ; 
i i 
chi i 
é ( Wa 
lb mpe isa r portabl 
norted bv t rane al 
{ il 1 . D 
i Ipi { « o 
' t 4 entire unit was picked 
f l { é 1 of the plat 
\\ erator witha traight 
tap ( e Square uts re 
| lat 
ra equil L te i dle the be vel 
J ta ep 1 welding edge two sides of a 
t. plate t vas 5. min \bout 7 min. of 
5 time, tl iverage, were consumed while waiting 
r the crane hi consumption per plate avert 
iged 10S cu. ft. and the acetylene consumption 20 cu. It 
Some other examples for the application of oxyacety 
ne cutting will be teresting and instructive Un 


omy and time saving in the 
plates for boiler drums and pressure 
cases where the plates must 
ye rolled or pressed to curvature prior to edge prepara 
ion. In most instances considerable excess metal must 
e provided prior to forming to insure sufficient metal for 
the proper curvature of the finished edge. By the use of 
the simultaneous cut and bevel principle, the excess 
metal may be removed and a double vee and nose prepa 
ration developed, all in a single operation. While the 
‘et-up shown in Fig. 


isual opportunities for e 
preparauon 
essels are offered in 


of heav’ 


the Se 


11 illustrates the double bevel and 
nose preparation on flat plate, the same equipment has 
ven employed for curved plate cutting, it being only 
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Fig. 9 (Top)—Equipment for Simultaneous Square Cut and Bevel fo: 
Edge Preparatior 


Fig. 10 (Center)—Equiprment for Simultaneous Square Cut and Bevel 
for Edge Preparation, Including Attachment for Under-Beveling 


Fig. 11 (Bottom)—Egquipment in Action Simultaneously 


Preparing 
Double Vee Bevel and Straight Nose 
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E —D Plate and Cutting Ma k Sux 
ecessary to posit ie plate proper 
t101 
I igure rates an L-sha 1 se 
pears to have « lerable merit for the ed 
of square plate By the use of this set-up 
can be eliminated [wo edges of the plate ar 
multaneously as close to the rolled or sheared ed iS « 
be accomplished. With two edges thus prepared, tl 
plate is swung around 180 deg. and px 
stops which automatically determine the finished let 
and width of the completed plate. A number of var 
tions of this design can be employed including a paral 
track assembly for the simultaneous cutting of two par 
lel edges, variation in widths of plate being 
by cross-slide adjustment on the cutting machine unit 
PLATE GROOVING 
he use of a curved groove, commonly retert1 
U- or J-groove depending upon its dimens 
to be increasingly replacing the more commo! 
ration he advantages claimed for the cut 
are that it provides a more satisfactory design for dep 
sition of the initial weld bead and, in the case of hea 
plate, requires less weld metal for the joint. Where 
is necessary in welded joint design to use a square edgt , 
on one side of the joint, such as for some nozzle inters« 
tions, corner joints, etc., the J-groove offers an improve 
design for the abutting plate edge. the rm 
Recent advances in oxyacetylene nozzle developments — pytt, 
indicate that this process may find a broad field of appli 
cation in grooving as well as beveling for plate edg: 
preparation. Commercial introduction is now bein ACCURACY OF OXYACI 
made of a series of specially constructed nozzles by thi 
use of which grooves simulating the one-half U- and ] For certait 
type grooves can be produced on plate edges. Itis also permitted t 
possible with these nozzles to develop a full U-groove i the straightness « le | 
abutting plate edges. A considerable variation in th limiting condition in the p1 
contour of edge preparation can be secured with a single acetylene cutting proc 
nozzle by varying the horizontal and vertical angles of obtainable in oxyacetylene p 
the nozzle with respect to the work. The oxygen pres- therefore be of assistance 
sure and speed of the operation are two other variables and the procedures to be i 
which effect the contour produced. An indication of the — tions 
variation in contour which may be obtained with a single The accuracy of oxyacetyl 
nozzle is illustrated in Fig. 13. depends principally upon three factor t 
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chanical accuracy of equipment employed or, in 


words, the 


other 


accuracy with which the cutting nozzle or 


nozzles may be propelled along the desired line of cut. 
\nother factor is the accuracy with which the cutting 
jet can be controlled in its removal of metal Che third 
factor involves the question of plate movement or dis 
tortion resulting from the heat absorbed by the plate 
during the cutting operation. 

Cutting machines employed to date tor plat edge 
preparation have been, for the most part, of the Monitor 
type which operate on tracks. Mechanical accuracy of 
t] ] lovement such machines is largely deter 





Fig. 13 (Top)—Some of the Variations in Contour Which May Be Obtained 
with a Single Grooving Nozzle 


Fig. 14 (Center)—Method for Securing J-groove Contour on Rectangular 
Plates 


Fig. 15 (Bottom)—Method for Securing d-groove Preparation on Circular 


Plates 


mined by the straightness of the track, since most of the 
propulsion units, when kept in good repair, will operate 
with an accuracy of within a few thousandths of an inch. 
The accuracy of the track is, of course, largely a matter of 
care in preparation and maintenance. 

While the general practice of preparing plate edges by 
portable oxyacetylene cutting machines which can be 
taken to the work offers definite advantages for certain 
applications because of the reduced handling of the plate 
material, there are often considerable delays involved in 
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eg 


Fig. 16—Plates for Grooved Preparation May Be Either Abutted or Spaced 
Apart as Shown 


moving equipment from one edge to the other and in 
aligning it accurately in to the line to be cut 
The use of portable equipment, furthermore, often in 
creases the chance for mechanical inaccuracy in cutting, 
it is dificult to maintain the track and machine ad 
justment when it is being continually moved from place 
to place about the shop. The maximum mechanical ac 
curacy in routine production, therefore, will be obtained 
when a stationary plate edge installation is employed, 
wherein the plate is brought to the machine 
lo discuss the second factor affecting the 
cutting, namely, the control of the cutting 
jet, variations from the desired cross-sectional contour 
attributable to the oxygen stream are largely a matter of 
accuracy of drilling of the oxygen bore and the proper 
maintenance of the cutting nozzle. If the nozzles are 
properly cared for and so positioned in operation that 
there will not be slag interference, variation in contour 

1 gen stream should be maintained within a 
tolerance of 0.015 in. per inch of plate thickness. 

Che third factor is one which has attracted consider 
Distortion of a plate edge resulting from 
the heat applied during the cutting operation is prob 
ably the most difficult factor to control. As is well 
known, when heat is applied to a plate edge as it is in 
flame-cutting, the edge tends to expand and, the 


relerence 


SIC 


accuracy ol 


7 
xvacetviens 


) the OX\ 


SINCce 


heat is applied progressively, the total force due to expan 
magnitude as the 


sion increases in cutting operation 





Fig. 17—The Manual Application of U-Grooving on the Deck Plates of a 
Dredge. The Groove Is Being Prepared Between Two Plates Butted 
Together 


JANUARY 





progresses lo relieve this force the edge tends to as number of commer 
sume a convex or outward bow. When the cut is com made by this met] 
pleted and the edge temperature decreases, the edg« raised regarding tl 
metal gradually resumes its full strength and contract ectional contour 


with the decreasing temperature. If, during the heating here has beet 
cycle, restraint has prevented free expansion, the metal present 
will upset and, upon cooling, the edge will assume a cor edge 
cave or inward bow On plate */s in. in thickness and question still aris 
under, the thermal stresses are sufficiently relieved by lore ratio1 
surface distortions, that is, by warping or buckling of the t acquainted w 
plate surfaces, to minimize the edge upsetti ff 
Since, on the other hand, the stiffmess of the plat 
creases with thickness, on plates above 1 1 ickne 
the amount of distortion resulting from the heat effect 1 to the rap 
also reduced 

A large number of experiments have indicate 


total maximum deviation from a straight line t Ye ¢ 


( 
pected on flat plates having a width great t 

regardless of length, is about */;. in Where the cut ter 
length is 10 ft. or less or the thickness Ik 

the ver-all distortion will very seldom « ( 


‘or most applications of plate edge prt parati 
I PI I 
square edge, bevel or bevel and nose « 


the accuracy of preparation can easily 


within practical limits. For plates whic! 
into cylindrical sections subsequent to « I 
the small deviations in the straightn« 
sulting from the use of oxyacetylene cutt 
be compensated for in the alignment 
welding 
For tull U-gr ve operations of al 
meast listortion is normally 


when prepared by the oxyacetylene 
; 


‘ P 
} ; 17 


controlled to the same degree oI act 


complished in machine tool planing Hows 
4 the flexibility and speed of preparat 
acetylene method, acceptable commercia 
have been made and it is evident that furthe1 
method will be made as its possibilitic 
limitations, are more thoroughly appre 


Method of Vertical 
Welding 


By WM. H. T. SVANOE* 


HE writer, after years of experiment, has develop 
a method of “vertical up’’ welding which he feel 
will prove superior to methods in general use today 


his method is not an imitation of, or a tak ‘ :, 
other method—it is something new. Intensive research ,,._ 
is going on at the present time to show comparative ' 


figures, photographs, photomicrographs, X-rays, et ae 
and as soon as this material is compiled, another artick 
containing this information will be published 


he writer, in his work as a welding instructor, ha ° y Si RAE 
taught this method to students now in employment from = ,,.~ utsid 
coast to coast, as well as welders with whom he has bee: ss : 
associated during the past five years The method, or ms ee * : ee 
rather welds made by this method have passed gover ; ee 1. er 
ment and private tests without any difficulty, but com , de m 7 

* Instructor in Weldin Immediately up 
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moved down and across, thus applying an overlapping 
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undercut, such a method would be more efficient. It 
would also appear that the possibility of slag inclusions 
would be considerably less 


In the method described herein, the slag forms most 
heavily directly down the center of the weld, and is very 
easily removed. The metal can be applied smoothly 
with no difficulty whatsoever, which also adds to ease of 
cleaning of the weld 

Che writer feels that the follow idvantages favor 
] method 

Ease ol appli it 
: Ease with which specified amount of metal, 1. 
ne-eighth inch or less per pass, can be obtained 
Less possibility of slag inclusions 
Ease of cleaning welds 
No claims tor superior ductility physical properties 
e mad t] e, but result research der 

i the present time will bi rtiheomu gy in the near 
tutu re The writer ca tate witn a i e that the 
esul ire at least equ l to tl ( ta ( ither meth 

Assumill that physi il properties art better 
il her methods, the advantages enumerated 
ire sufficient to deserve the seri study of this 
method by anyone interested in obtaining the best poss! 
ult tical weld 


HIGH SPEED WELDING ASSEMBLIES 





By E 


HI 1 vene};% lly ellected ) al ply Oy If £ 
ta e welding to a particular iwbricatin process 
isly tends to promote development of speed 
il e al re tance weld Creating sa 
n I { i] perati enera vol a 
equt W likely to e1 race i | i] 
weld ipplicati Decrease cost ma primar 
prompt the re-pla g of the manufacturing sequence 
in thi tance weve! a eat mber of case 
welding manifests itself in the form of higher qualit 
production 
Spot weld probably the first method or typ 
or operation that usuall presents itself to the average 
laymal mind, when resistance welding is mentioned 
It may be defined as clamping two or more pieces of 
metal betwee | conductive alloy electrodes and 
fusing them witl eat created by resistance of electrical 
current 
One can readily observe that three major tactors 
exist: namely, Magnitude of Current, Time Duration of 
Current Application and Pressure Exerted on the Ele 
trodes Che writer calls attention to these as being the 
three interrelated elements which facilitate correlated 


adiustment to produce the heat required Chis heat is 
determined by the thermal conductivity and fusing tem 
perature of the material to be welded, as related to the 
cubic displacement of the welded area, plus the loss from 
non-effective radiation, most of which is absorbed by the 
water cooled electrodes. 

Pressure contributes much toward increasing the area 
of the weld, hence, the greater the pressure, the greater 
the amount of current necessary for making the weld. 


* Presented at Annual Meeting, A. W. S., Chicago, Oct 
t Chief Engineer, The Federal Machine and Welder Co., 
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\nother important factor is the necessity for quick follow 
» with « tantly exerted pressure during the period ot 
time that the heated zone of weld is in a state of tempera 
t for fusing 
[In all welding applications, the three factor Cur 
rent Time’ and ‘Pressure issumes values as funda- 
mental requisit ind their importance is obviously 
re ed by all who are engaged in the development of 
heir ust [It is generally conceded that the correct com- 
bination of values will effect a good welding condition 
almost any material, however, extreme difficulty 
ometimes encountered determining the right 
amount of each. Such facts are usually established 


Irom past experience, or 


High speed 


through experimental channels 
all the requisites 
g practices, in addition to 


welding employs basi 
applied to conventional weldit 
special characteristics, common to high speed welding 
Most extremely fast multiple spot operations 
usually require short timing in the order of from one to 
five cycles of current application for welding, generally, 
not more than three cycles of “‘off’’ time between welds. 
hese repeated short intervals between welds give rise 


alone. 


—_ 


to transient current surges, when non-synchronous timing 
is employed. A partial solution to this is the use of a 
specially constructed transformer to decrease the mag- 
nitude of the transient surges. The proper solution 
lies in the use of a synchronous current control device, 
which provides a balanced flow of current. 

The duty cycle, involved in some high speed welding 
applications, necessitates departure from conventional 
transformer design, for reasons other than transient cur- 
rent surges. In this instance, the writer refers to the 
fifty per cent duty as the established standard for de- 
sign, generally adopted a few years ago by manufacturers 
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of resistance welding equipment. In the past, very few to each of the welding unit it primar 
applications approached this limit loday, with ex current through collector ri rent ! 


tremely fast multiple machines available ind existing conti levice if 


high seam welding applications, he not only approache each unit) on under sid 
the permissible duty limit, but in some instances xceed ire supplied to thi , 
it. In this event, the conventional welding transformer ' 4] , 
would exceed the permissible temperature ris Ln over 44, he 
amount of temperature rise will injure the t formet 
and any excessive rise whatever result 1 cert 
amount of drawn current being non-effective 
Assum that proper transformer and «¢ ( tr 
Tacit re available the high pet ln { ' , 
volves correct mechanical desigi With refet to the 
multipl t application, one of the most 
ments Ultra Speed method [1 r, pl 
1S ir iC TOT diy idual Sci \ 
lor eacn ¢ red place of weld, and a 
rent < { | met d teaturs i 
Swi ! contact Phe { 
wate! yer roll, which « 
curre I i irals mae { \ 
ductor adjacent egment 
might rea be termed a flat « , 
Eacl egment block 1 
ones ¢ i ind ected to it 
uip i i ( wate! 
umper! m the solid 
ment | cr¢ arrive | { 
( ur ( 1 tiie eg!I 
le1 ¢ ( l I 1! y¢ 
Ind ir! ( 
primal while the 1 t ’ 
eome t é t, al ews 
seque CI Y TI tor start 
mai e re-loaded ve 
the I ( VI er tne 
relat ( ( Ta op ed met l 
empl ition of time del 
met] ent il welding applicat 
SO he p 1 1 ( LDS¢ ce ol o1] = 
a d ( il te I I Te 1T¢ bei ( iT 
’ ae A. 
dividual p ltaneously he pi 
engaged l the mpletion of the wel 
which time, it lis-engaged until the reps 
take D thie ext i sembly ) \\ 
this met ossible to atta 1 sp 
of eight hundred t e thousand s] we t 
Mit lI l po t1 l te ince ¢ | ‘ 
product possibiliti the fore 
pressure e applied gently, and wit t ] 
linpat le clo g of the 1 ( 
points. Ver ean welds result from be 
Cf Sumi it lu seT Ch tl ed pre re 
A recent development in prod 
assembli employing either project t e ‘ 
tional spot welding technique, is the contit 
machine It may be described as a pedestal with a 
non-intermittent rotating disk mounted on top at wor 
ing height, and sufficiently large in diameter, to meet « 


requirements of the particular applicatior This plate 
provides a mounting for several air actuated units of th 
portable equipment type Che transformer is connected . 
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SOME APPLICATIONS OF THE 





By C. L. PFEIFFER? 


LTHOUGH my subject is some applications of the 
resistance welding process at the Western Electric 
Company, I cannot resist the temptation to review 

certain general principles which are often forgotten in 
our efforts to solve immediate manufacturing problems. 

In the past nearly every one who presented a paper on 
resistance welding stressed the importance of pressure, 
current, time and their proper coordination in making 
satisfactory welds. Manufacturers of welding equip- 
ment design their equipment to meet very exacting re 
quirements involving these factors and for successive 
operations of the machine, other conditions being equal, 
it is possible to duplicate the proper condition time after 
time. 

Occasionally, however, poor welds are made, not due to 
any unsatisfactory operation of the machine, but due to 
variables introduced in the weld area. Engineers are 
becoming more interested in this area and it is gratifying 
to have papers presented such as those recently written 
by Studer on “Contact Resistance in Spot Welding,”’ 
and by Johnson on ‘‘Predetermination of Temperatures 
in Resistance Welding.”’ Dr. W. F. Hess’s resistance 
welding section committee of the Fundamental Research 
Division is also doing noteworthy work as evidenced by 
discussions at recent meetings and several papers cover- 
ing the “Spot Welding of Low Carbon and Stainless 
Steels.’” Hensel, Larsen and Holt have also presented 
some fundamental data in their paper, “‘Data on Spot 
Welding of 18-8 Stainless Steel to Yellow Brass.”’ 
There are others who could be mentioned, but these are 
representative of the types of papers which are getting at 
the root of possible difficulties in resistance welding. In 
vestigations along these lines are very difficult of ap- 
proach and even if an individual investigator accom- 
plishes little, the combined efforts of various men will 
gradually clarify our thoughts and will eventually make 
available exact data which should point the way to the 
solution of many vexing problems. 

In order to fully appreciate the art of resistance weld 
ing, one should have the proper mental picture of the 
possibilities in the weld area. Figure 1 shows a simple 
spot welding circuit in which the weld area stands out 
for your inspection. There are shown two sheets of 
material \/, and M, between electrodes -,; and FA», the 
latter connected through large copper conductors to the 
secondary of the welding transformer. The three points 
of contact K,, Ky and Ke, the material between them and 
the electrode surfaces are the important factors to be 
considered in the weld area. Let us consider what nor 
mally happens or what might happen at these various 
points. The current from electrode £, flows to sheet .V, 
through the contact area K,; through sheet \/,; from 
sheet ./, to sheet M, through contact area Ky; through 
sheet ./.; and from sheet V2 to electrode £, through con 
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tact area Ky. It may seem superfluous to many to break 
down the current path in this manner when one could 
simply say the current flows from electrode E£; to elec- 
trode #, through sheets J, and M,. I feel, however, 
that each point mentioned should be analyzed separately 
and, if possible, broken down still further. 

The energy required in the weld area is represented by 
I*Rt, where J is the current and R is the total resistance 
from electrode to electrode, and ¢ is the time the current 
flows. If in making successive welds the energy input 
into the weld area changes considerably there is at least 
a possibility of making a poor weld, especially in those 
materials having a narrow plastic range or having some 
other characteristic which makes welding difficult. Let 
us examine each item in /*Ri and find the greatest pos- 
sible source of trouble. In view of the many recent im- 
provements in timing equipment, it is possible to get 
exact timing periods and I should estimate that the ac 
curacy can easily be held to within 1%. Although the 
current could vary because of a change in contact resis- 
tance, there is not much chance of an appreciable change 
in the average secondary circuit because this value is 
usually a small: part of the total impedance. This 
leaves only the value of R and it no doubt is the most 
difficult to control. 

It follows that variations in the resistance of the weld 
area are of major importance and this should be of spe- 
cific interest to all engineers who are associated with re 
sistance welding. Some of the things to be considered 
may be listed as follows 

1. Electrode material. 

2. Shape and area of electrode contact to be kept 
constant. 

3. Electrode contact area to be kept clean 

t. Electrode contact area to be kept at constant 
temperature. 

5. Resistance of contact area between electrode and 
part being welded should be same for successive welds 

6. Cleanliness of material being welded. 

7. Uniformity in quality and shape of material being 
welded. 

Let us see what happens ui the electrode contact area 
is allowed to become larger because of mushrooming 
For example, an electrode tip having a circle contact 
area '/s inch in diameter is used to spot weld '/39-inch 
material. After a great many welding operations the 
diameter increases from '/s inch to °/g. inch which means 
an increase in contact area of roughly 50%, or a current 
drop per unit area of 64%. When the value 0.64 is in 
troduced in our equation 
I?Ri 
we have (0.64/)*Rt = 41% of original. 

Figures pertaining to voltage, current and impedan 
are also helpful in visualizing actual conditions. Let 
assume an induced voltage of 5 volts in the secondary 
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Fig. 1—A Simple Welding Circuit 
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B- POINT CONTACT 

C- RECTANGULAR DISC CONTACT 
D- EMBOSSED DISC CONTACT 


—————~ 
Wald salll 


DB 











Pig. 2—Precious Metal Point and Disk Contacts 


a welding transformer and a welding current of 10,000 
amperes, 


We know that the general equation E/Z = J 

(volts divided by total impedance is equal to amperes 

must be satisfied and that the 
5 


10,000 


resulting impedance is 


0.0005 ohm. Picture this value 0.0005 it 
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is the total impedance in the whole secondarv circuit, 
the vector sum of the resistance and reactance.  ] erhaps 
the resistance across the we ld itself is only 0.0001 ohm 


In ordinary electric circuits such 
usually considered negligible 

After these introductory remarks. I feel I am in 
better position to discuss certain esse ntial ope 
resistance welding and the problen 
Western Electric Company It 


small quantities are 


a much 
‘auions in 
is they represent at the 
general, parts used in 


Fig. 3—Semi-Automatic Point Contact Welding Mac 
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Fig 4—Semi-Automatic Disk Contact W 


elding Machine 


the telephone industry ar 
and intricately Shaped and, 
emphasize certain thir ng 
mental problems are the 


comparatively small in size 
because ol th . j nay over 
but in general I feel our funda- 


same as those of othet using this 


process. 

Probably the most important, in fact the most « pecial 
use Of resistance welding is in the embly of millios is of 
mall precious metal contacts to riety of apparatus 
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parts. These contacts are used in many places in the 
telephone circuit and on their performance depends much 
of the quality of voice transmission and prompt and de 
pendable circuit control. Figure 2 shows the general 
forms of point and disk type of contacts, which when 
mated make up a contact pair. Two each of these two 
types of contacts are shown, the only difference being 
in the round or rectangular flat disk contacts and the 
solid or embossed points. These contacts are very 
small, the average dimensions for the point being about 
0.030 inch in height with a 0.030 inch diameter base 
while the usual disk dimensions are 0.005 inch in thick 
ness and approximately 0.090 inch in diameter. The 
welding of these contacts is done on two specially de 
veloped machines of similar design having hand-feed 
reciprocating machanisms for pushing the contact springs 
under the welding electrodes. 

The point machine, shown in Fig. 4, uses the contact 
metal in the form of wire which is fed to the point of the 
weld by means of a chucking arrangement. The end of 
the wire is welded to the contact spring which has been 
carried into position on a fixture having a reciprocating 
motion. After the weld is made, the wire is clipped, 
leaving a certain predetermined length attached to the 
spring. The spring is moved farther forward in which 
position the contact is formed with a hammering tool 
which strikes with sufficient regular force to give the 
form desired. The spring is then conveyed backward to 
ward the loading position, but is ejected by means of an 
air jet just before the carrier comes to rest. 


cat, rin 
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4&-CROSS BARS WELDED TO SPRINGS 
8B- CONTACT METAL SHAPE 
- BASE METAL SHAPE 


Fig. 6—Bi-Metal Tape Continuous Welding Machine 








Fig. 7—Bar Contact Welding Head 


In the point contact welder as well as on other cor 
tact welders which I shall directly discuss, the weld ar 
and the parts being welded are very small. Special « 
must be taken to have the contacting areas accurats 
dimension because a difference of 0.005 inch represet.ts 
a relatively large per cent of the total. On the point 
machine the clipping tool cuts the wire uniformly a 
successively leaves wedge-shaped points of accurate 
mensions to contact the spring for the following conse« 
tive welds. Of course cleanliness of all parts fed to co 
tact welders as well as metallurgical and dimensio 


- uniformity is extremely important. 
-¥ eye mak aog AFTER R " The disk welder, shown in Fig. 4, uses the conta 
: ee metal in the form of a flat narrow tape which is 
Fig. 5—Crossbar Bi-Metal Contacts through a blanking tool automatically. After punch 
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Fig. 8—Butt Welder for 0.011 
Permalloy Wire 


out the proper size contact it is carried to the electrodes 
between two thin metal fingers which grip the disk on its 
[he spring is carried to and from the welding 
position in a manner similar to the point welder and when 
it has reached the correct position, the disk moves be 
tween it and the electrode. The electrodes then close, 
holding the disk in position on the spring, the carrier 
fingers withdraw and the weld is made 
[he point and disk welders were developed to replace 

riveted contacts and resulted in a large saving in precious 
metal because the shanks of the rivets were completely 
eliminated. In addition, the handling time was ¢g 
reduced and for these hand-fed machines an output of 

000 to 1500 welded parts an hour is reached, depending 
upon the shape of the part being fed to the positioning 
block 


edges. 


greatly 


Figure 5 shows a newer contact form known 
metal bar contact. It is made from tape, 
an upper layer of contact metal and a lower layer of bas« 
metal. The cross sections B, C, D and E£ illustrate how 
this bi-metal is produced. The two tapes are welded 
together on a roll type welder to the shape shown under 


D, the current being localized in the welding ridge on th« 


as the bi 


consistil y ol 


lower side of the contact metal tape \iter the welding 
operation, the bi-metal tape is passed through rolls and 
iven the final shape, shown by E. The bi-metal tape i 


1utomatically fed into a machine which cuts it to the re 
quired bar length and welds it to springs in p 


5 positions 
shown by A. | 

lhe special continuous roll welding machine for pro 
ducing this tape is shown in Fig. 6. It consists esse1 
tially of two heavy grooved copper electrode rolls for 
feeding the two tapes into the welding position Phe 


xis of one roll is fixed while the other is pivoted in such 


i manner that it corresponds to the movable electrode i 


1 conventional spot welder. Current is fed to the rolls 
through graphite brushes, similar to most low voltage 


generator brush designs. Pressure for the welded joints 
is regulated by means of a very sensitive spring adjust 
ment and the whole of the movable electrode is delicately 
balanced in order to respond readily Phe 
produced at the rate of about & ft per minute and a sepa 
rate weld is produced for each half-cycle of 60-cvcle 
cutrent supply. 

Although the development of the bi-metal shape intro 
duced some very definite advantages, it also introduced 
some rather difficult welding problems 


bi-metal is 


which were 
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Fig. 9Copper Rod Welding Machine Fig 
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of material and sizes of sections For 
deve lopme nt revealed 

nickel base metal of the shape previously 
desirable for making the tape 


assemblies. 


mainly a 
instance, 


matter l 
extensive that a pur 
hown was most 
and tor welding to spring 
In addition to several 
metal bars, some heavier solid bar 
silver are welded to nickel-silver 
vou know, the probl m of weldi 
high conductivity 


cross sections ot bi 
of palladium and pure 
ind brass springs \s 
dissimilar metals and 
difficult of 


metals is ofte1 solution 


We are, however, able to weld these metals and peculiar 
shapes at a high rate of speed on a production basis with 
very little trouble 

[he machine for welding bar contacts to variou 
shaped springs is shown on Fig. 7 his machine feed 
the bi-metal contact tape through a guide channel into a 
cutter and pusher mechanism which shears off the proper 
length of bar contact, pushes it into position between a 


grooved uppe! electrode and contact 
after which the parts are welded 
chine is equipped with a manually 


pring immediately 
Although 
perated carriagt lor 


this ma 


velding one or two adjacent ntact it may be adapter 
to various types ol feed dep du on the type ot jol ( 
that it is semi- or even fully automat 

Oo! il 
cedures tollowed on 


1 


It mav be 


terest to note tw ther operating pri 

our cont For electrode 

we use both copper and some of the well 

illoys In each case the alloy used was determined ex 
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perimentally and was desirable because of the 


known electrods 


hape of 





Fig. 11—Contact Spring Welder wit} 


Dial Feed 








or the material in the part being welded. Copper is used 
principally for large flat electrodes which contact a spring 
side opposite to that to which a contact is welded. For 
a timer we use a mechanically adjustable cam arrange- 
ment directly geared to the main drive shaft of the ma- 
chige and most welds are made in two or three cycles. Os- 
cillograms show no outstanding transients and an unbe- 
lievable uniformity in length of time the circuit is closed. 
No doubt, the use of low current values under 50 am- 
peres at 440 volts in the primary and a very quick break 
make such performance possible. 

Figure 8 shows a rather unusual application of butt 
welding, in which the welding is done under carbon tetra- 
chloride. This operation was required when welding 
0.011 permalloy wire because when welded in air, the 
joints were brittle and unsuited for subsequent opera 
tions. A specially constructed light butt welder was 
built and equipped with jaws made of monel metal to 
prevent corrosion. The right jaw is movable and actu- 
ated by a vertical blade spring. The secondary circuit 
has a resistance ballast in series with the welding jaws 
which serves as a timer, a current tapering device and an 
auxiliary annealing circuit. The resistance unit has a 
low variable resistance in parallel with a pure nickel fuse 
wire. The wire ends are clamped in the welding jaws, 
immersed in carbon tetrachloride by raising the container 
to the jaws, and the current sent through the circuit 
The resistance is adjusted so that the nickel fuse blows 
when the weld is completed and the current is reduced to 
allow an annealing current to flow as long as the welding 
key is depressed. In a separate operation, the welding 
wire is placed in the annealing terminals shown at the 
extreme top of the photograph and annealed for a dis 
tance several inches on either side of the weld. The 
joints are very strong and, after the welding flash is re 
moved, may be drawn through wire-reducing dies. Small 
nichrome, chromel, perminvar, and iron and constantin 
thermocouple wires can easily be joined on this machine 

Figure 9 shows a specially constructed copper rod 
welder in use at the Western Electric Company and other 
wire-drawing plants. The operation of these machines 
is similar to most butt welders. High current densities 
ranging in value from 0.2 to 0.4 ampere per circular mil 
and, applied for relatively short intervals of time, are 
used to make joints suitable for drawing. Rod ends are 
cut square by means of a circular saw mounted at the 
left of the machine. The stationary and movable jaws 
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Fig. 12—Dial Feed Magnet Welder 
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Fig. 13—Twenty-Head Hydromatic Welder 





Fig. 15450 Kva. Press Welder with Sliding Safety Bolster Plate 


are of aluminum-bronze of very sturdy construction. 
Long clamping arms give a good leverage and make for 
good contact between the rod and copper die blocks 
lhe movable jawslide is accurately fitted and leads thereto 
are mounted carefully in order to have the jaw movement 
properly coordinated with the heating cycle during the 
welding operation. Although the butt welding of copper 
was the first thing Thomson did back in 1886 when he 
discovered this process, its use in the wire-drawing in- 
dustry dates back to approximately ten years ago. It 
seems that before that time the quality of copper butt 
welds was not suitable for withstanding passage through 
wire-reducing dies. Here is a perfect exam,le of the 
proper coordination of current, pressure and time. 

The next four figures show machines where large 
quantity production makes it essential to have fast feed- 
ing loading devices. Figure 10 is a punch press type 
machine for welding switchboard plug centers, samples 
of which are shown in the foreground. The outstanding 
feature of this machine is the chain used for bringing the 
welding fixtures into position. Two separate joints are 
made in each fixture by two transformers separately con- 
trolled and adjusted by timing cams and rotary tap 
switches, respectively. The press mechanism and fix- 
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Fig. 14—450 Kva. Press Welder 
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Fig. 16—Tools for Welding Miscellaneous Parts in Steel Housing 


tures are split so that separate pressure adjustments may 
be had for either joint. 

Figure 11 shows a dial feed welder for welding a small 
bronze part to a nickel-silver part at two points. One 
junction is a projection weld and the other a butt weld 
The two parts are inserted in small holders on the rotat 
ing dial and advanced successively under two separate 
welding heads, one for each weld. Each head has its 
individual electrodes, pressure system, transformer and 
control. This is a high-production machine, its output 
being limited by the rate at which parts are correctly 
placed in the holders. 

Figure 12 shows a dial feed welder for joining cobalt 
steel and permalloy members. The weldi 
sembly was considered difficult because of the properties 
of the two materials. Magnet steels become more em- 
brittled after welding and the permalloy is a high-resis 
tance material with a narrow mush range. It is a well 
known fact that difficulties are less apt to occur when 
only one weld is made at a time. This machine makes 
four welds simultaneously, but follows the one weld at a 
time idea because it is really a four-head spot welder 
which makes four individual spot welds. There are four 
separate transformers and regulators connected to four 
separate upper electrodes, all insulated from each other. 
Each electrode has a separate air cushion pressure mecha 
nism. The timer mechanism is common to the four 
transformers. Individual fixtures which hold the parts 
to be welded are placed in the dial slots while it rotates 
at about 30 r.p.m. 

Figure 13 is a 20-head hydromatic welding machine 
used for welding small studs less than '/s inch in diameter 
to 0.060-inch steel strip. The loaded fixture is placed 
under the welding guns and after the starting buttons are 
pressed, the machine automatically makes a total of 20 
welds in rapid succession. The machine has two trans 
formers, 10 guns being connected to each one. The guns 
from each transformer are paired so that the electronic 
timer fires 10 times for each complete cycle in welding 
one strip. The material in this case is not difficult to 
weld, but because we did not think it feasible to weld 
twenty studs simultaneously in a parallel circuit, the 
one at a time principle was resorted to and r: api ob 
tained by using rapid operating hydromatic gun It 
may be of interest to know that the electrodes’ tien on 
this machine ar: kept as cool as a cold water pipe and 
have made over 4,000,000 welds without having 
placed. 

The largest resistance welders in our plant are rated 
at 450 kva. Figure 14 shows one of these anions with 
a tool set up for welding an angle bracket to the inside of 


ng of this as 


been re 


a sheet metal housins [nasi the loading of thes« 
machines is comparable to placing parts in a punch pres 
the problem of safeguarding the operator has given us 
much concern. We feel that the problem has beet 
solved satisfactorily with the inst illation of a lower bol 
ster plate which automatically n es the tool in and out 
from under the ram of the press before and after each 
welding operation is periormed Figure » shows the 
features of this mechanisn We |! e found that the 
small amount of time lost due to the movement of thi 
bolster in and out of the weld positio more thal 
offset by the ease of loading in the « pel 

Figure 16 shows the tools required for projection weld 
ing miscellaneous parts to the inside of a steel housing 
With these tools, six welding operations and a total ol 


twenty-six projections are required If this assembly 
were made up with individual spot welds 
and forty-six welding operatio 


Figure 17 shows a 100 kva. press type welder 


torty-six joints 
would be required 
used for 





Fig. 17—100 Kva. Magnet Welder 


assembling a horseshoe shape d magnet steel part to a 
low carbon steel mounting plat Due to space require 
ments, welding provided the only possible method of 
economical assembly. 

Although our many assemblies are peculiar to the tele 
phone industry, I do not believe 
ent than any large shop using resistance welding. Al 
though many jobs require individual analysis because of 
shape or materials, the same princi sla are involved and 
the same difficulties arise as in other industries. The 
design of some of the machines indicates what is being 
done to offset possible variables in the region of the weld, 
but our principal problem is to find out more about this 
area in both a qualitative and a quantitatiy 
follows that we should spare no effort in 
fundamental research because only 
understanding of fundame engineers hope 
to develop the tools to solve our welding problems of 
today and tomorrow 


our probk ms are differ 


sense It 
encouraging 
through complet 
ntals can we as 
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JOINING WIRE MESH 





By C. C. NOTEBAERT* 


TRONG joints in wire screen, with mesh as fine as 76 
s to the inch, can be made consistently by means of 
the oxyacetylene flame. When the proper silver- 
soldering technique is employed, such joints are hardly 
apparent to the naked eye. 


CLAMP JIG REQUIRED 


One of the first requirements for satisfactory soldering 
of wire screen is a suitably designed jig. Basically, as 
shown in the sketch, this consists of three pieces of steel 
plate, two of which are beveled along one edge. One 
large plate serves as a supporting base for the two pieces 
of screen which are to be joined. When the edges of the 
wire mesh have been lined up, the beveled plates are 
placed in position as shown, and serve to hold the screen 
securely during the silver-soldering operation. 

For production work of this nature, quick-acting 
clamps should be permanently installed so as to speed the 
positioning of the wire mesh and beveled clamping plates. 
Some jigs of this type, which have already performed 
satisfactorily over a period of several years, measure over- 
all only 10 in. by 18 in., but the actual size of the jig is, 
of course, determined by the work to be done. 


JOINT PREPARATION 


As for all silver-soldering, the edges to be joined should 
be thoroughly cleaned first, either by mechanical or 
chemical means. While it is possible to use emery cloth 
for this purpose on the coarser screens, it will be of ad- 
vantage to swab the finer meshes with an acid solution 
followed by a rinse. It is necessary to clean only the 
immediate area of the bond—never more than one inch 
on either side of the joint. If there is any question re- 
garding the desirability of cleaning, make a test with a 
small piece of scrap wire mesh. Obviously, if the silver 
solder adheres and flows properly, there is no need for 
further cleaning. 


FLUXING IMPORTANT 


Once cleaned, the edges to be joined should be fluxed 
thoroughly on both the bottom and top surfaces of the 
screen as well as around the circumferences of the indi- 
vidual wires. A solution is prepared by dissolving the 
flux in boiling water. It is difficult to recommend the 
exact proportions for this mixture because the strength of 
the flux solution is dependent upon the composition and 
condition of the wire gauze which is to be joined. Itisa 
good general plan to start with a mixture consisting of 
one can of flux to one quart of water. Actual experi- 


* The Linde Air Products Company, 
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A Properly Designed dig Is Essential for Successful Joining Wire 
reen by Means of the Oxyacetylene Flame 


ment then will determine whether a stronger or weaker 
solution is preferable, and proper additions of flux or 
water can be made as needed. 


FLUX CONTAINS SILVER SOLDER 


In actually joining the wire mesh, the silver solder cai 
not be used in strip or rod form if strong, neat joints of 
consistently high quality are desired. Instead, 
stock should be finely divided by filing with a fine or 
smooth file. The silver solder filings are then added, in 
proper amount, to the water-mixed solution of flux, 
and the whole is mixed thoroughly together. Ap 
plication of the metal-containing flux to the joint, 
previously described, is accomplished by means of a fin 
camel hair brush. Only a very narrow band is appli 
along the area to be joined. 


solid 


JOINING 


When the screen or wire mesh has been carefully 
cleaned, fluxed and lined up in the jig, the joint is com- 
pleted by means of the oxyacetylene flame. Because th: 
screen wire is very fine gage, it is essential that the flam« 
used be very small and highly concentrated. Small ait 
acetylene torches, also airplane or sheet metal welding, 
lead-burning blowpipes, with No. 0 welding heads 
tips, provide highly satisfactory flames for this type 
work. 


BLOWPIPE MECHANICALLY OPERATED 


Short joints can be made by hand, but the best meth 
of producing an even joint of any considerable length 
to fix the oxyacetylene blowpipe or air-acetylene tor 


a traveling jig. When the flame is properly adjusted actual contact of the flame with the silver solder since such 
and mechanically operated, a uniform speed can be ob- contact as well as api licat ee oven a9 , 7 
tained which will insure proper bonding of the parts with ol heat will cause the nt rae me vy om 

it melting or burning the wire base metal Chis but Som  reaasage — y peanggs ey ter n rat yo 

‘ > n iT ‘ ' rel a il it © til Orr hal 
ng tendency can be controlled toa great extent by cot ~pSewakaage secs Hay tree mined experimentally by the indi 
stantly maintaining the tip of the flame close to the work vidual in ome went. if i 1t all possible, it dvi 
Best results are obtained at a distance of about able to complete each joint wit it removing the heat 

Onlv the heat of the soft, concentrated flame is utilized of the blowpip« flame from the worl e the bond ha 

making the bond. Care should be exercised to prevent been started 


The MECHANICAL and PHYSICAL 
by W.D. WALCOTT Properties of Weld Metal 
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[his investigation was undertaken by the research = UH © of TT 
subcommittee on are welding of the Ontario Hydro-Elec ities XQ I 
— tric Power Commission as part of their research activi L . , : 
Vire ties for 1939. | we ae t : ‘ Na NY Ay 
[he purpose of the investigation was to obtain a com paige ' ‘ “EW 4 
parison of the mechanical properties of the weld metal : 
deposited by those electrodes which are most frequently < 
eaker used by the manufacturers of welded equipment in 1 } 
ix or Canada bed ma &! dj tle ¢ —ch od ‘ 
N order to assess the quality of the weld metals de s enrosncta v0 » 
posited by the various electrodes, several different 
types of tests were employed. These included a Wesono Tes. 
determination of the tensile strength, yield point, elonga 
r Cal tion, reduction of area, Charpy notched-bar impact 
nts of values and, in the case of a few electrodes, the fatigue . 
solid limit ° i 
ne or [he adoption of this rather comprehensive testing s* - a = = "govcne 
ed, in scheme is based on the fact that the service performance r} el ] coo 
flux, of welded metal cannot be appraised on the basis of ’ [Ji-. Ge F 
Ap the results obtained from one type of test. Since welds, , 
nt. as as a part of fabricated structures, must in some cases "47 Dans Nout 
a fine withstand impact or suddenly applied loads, and in other 
pli 1 cases resist stresses of a repetitive nature, it is essential Cuanrr (meacr Tesr Specimen 
subject weld metal to impact and fatigue tests. Al 
though the figures obtained from these tests are not di 
rectly applicable to design problems, they give a definite Fig. 1 -LOCATION OF SPECIMENS Himoven From WEL OED Ti 
indication as to whether or not the material is sound and 
possesses the qualities required to assure satisfactory 
-efully performance under dynamic loads. Equally important, edge. These plates were separated by nch, tacked 
; com- irom the designer’s point of view, are the results obtained together and welded in the downward position by several 
ise thi irom the conventional static test which give a direct mea passes. Each pass of deposited metal was thoroughly 
. flame sure of the ductility of the weld metal and a value for scaled before the next layer of metal was deposited 
all ait its yield point, which, if the dynamic properties of the All of the electrodes used wer: . inch diameter and 
ing, of material are satisfactory, may form the basis for the were of the shielded arc typ 
ads of determination of the allowable working stress. The test-pieces wert ill made by the same welder 
ype ol lhe welder was instructed to take no special precau 
tions in the preparation of the test-pieces, but rather to 
METHOD OF TESTING use the same technique as would be employed in ordinary 
ie shop work As a result of thes tructions we believe 
[wo welded test-pieces, similar to that shown in Fig. that amore usable comparison of the electrodes was ob 
were made up using each of the nine electrodes to be in- tained than if a special technique, which might not b 
1ethod vestigated. Each test-piece consisted of two mild rigidly adhered to under producti conditio1 had 
ith is steel plates 12'/,; x 3 x 1 inches chamfered at 45° on one heen used This may explain why, in some cases, the 
torch * Ontario Hydro-Electric Power Commission Laboratorie values obtained in the present investigatio1 differ from 
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those 
One 


the manufacturer's literature. 
and four impact specimens of all-weld 
metal were removed from each of the nine test-pieces in 
the as-welded condition. Six of the corresponding test- 
pieces were stress relieved at 1100° F. for two hours and 
furnace cooled before removal of the tension and impact 
weld specimens. The purpose of the tests on the latter 
specimens was to determine the effect of stress-relieving 
temperatures on the physical properties of the weld 
metals. The three remaining test-pieces were left in the 
as-welded condition anda sufficient number of all-weld- 
metal fatigue specimens were removed from each to de- 
termine the fatigue limit of these materials. 

The location in the test-pieces from which the tension 
and impact specimens were removed is illustrated in 
Fig. 1. Due to the one-inch-plate thickness adopted it 
was possible to obtain standard one-half-inch A. S. T. M. 
tension specimens, full-sized Charpy notched bars and 
Avery fatigue specimens. 

In the case of one pair of test-pieces, namely, AB-W 
and AB-S in the as-welded and stress-relieved condi- 
tions, respectively, the cross section of the weld and the 
adjoining parent metal was surveyed for hardness in an 
attempt to detect any change in this property which 
might have occurred in the heat-disturbed area adjacent 
to the weld deposit. 


which appear in 


tension 


TEST DATA 


A summary of the test data including the specific 
gravity, ultimate strength, yeld point, percentage elon- 
gation, percentage reduction of area and Charpy notched 
bar impact number of the deposited weld metal from 
each electrode is recorded in Table 1. 

For comparative purposes certain of the data are pre- 
sented graphically in Figs. 2, 3 and 4. 

Table 1 also includes the endurance limits of the weld 
metals deposited from three of the electrodes. 

Figure 6 shows the fractured tension specimen and 
a typical impact specimen from each test piece. It will 
be observed from the photograph that the tension speci- 
mens OP-W and GH-W show no indications of included 
foreign matter and broke with a cup-shaped fracture 
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which is indicative of high ductility The specimens 


from the remaining test-pieces all revealed some evi 
dence of slag inclusions. Specimen QR-W was particu 
larly objectionable in this respect. 


IMPACT VALUES 


In Fig. 2, the weld metals are classified in order of their 
notched bar impact numbers. The metal deposited from 
electrodes OP and GH give impact numbers which are 


Table 1—Mechanical Properties of Weld Metals 


Tensile 


Yield 


> Properties 


Ultimate Per Cent 


Welding Strength Point Elongation Per Cent 

Rod Lb. per Lb. pet 2 In. Reduction 
Number Sq. In Sq. In. Ga. lg of Area 
AB-W* 65,000 50,000 22.0 38.5 
AB-S* 64,300 48,800 26.0 61.9 
CD-W 67,100* 54,900 20.0 32.6 
CD-S 61,800 45,700 32.5 62.0 
EF-WU 61,300 49,100 30.0 51.1 
EF-S 60,000* 45,400 20.0 31.7 
GH-W 57,800 42.900 33 0 60.8 
GH-S 56,900 39,400 39.0 69.6 
IJ-W 58,400 43,800 26.5 40.0 
IJ-S 59,000 44,200 38.0 62.9 
KL-W 66,900 52,400 29.0 53.8 
KL-S 58,500 47,800 31.0 60.5 
MN-V 67,500 52,200 26.5 39.1 
OP-V 60,200 39,900 33.0 62.3 
OR-W 73,600* 54,600 15.0 42.5 
Parent 

Metal 66,000 37,100 26.0 61.5 


* W = As-welded. S = Stress-relieved, two hours at 1100 
Poor fracture showing a large number of slag inclusions 
Impact result discarded—slag inclusions located on notch. 

) Fatigue limit indefinite. 


* 


+ 


THE WELDING JOURNAL 


Impact Number Specific 


Material appeared to be non-uniform in fatigue resistance 


Ft.-Lb.-Charpy Endurance Gravity 
Keyhole Notch Limit Av. of 8 
1 2 l 2 Av. Lb. per Sq.In. Specimens 
21 36 15 2.5 34.2 7.816 
344.5 35.5 33.5 28.5 33.2 
15* 22+ 33 32.5 33.7 7.836 
45 42 42 40 42.2 
24 31 30 30 $8.7 7.853 
31 34 26 36 31.7 
41 45 43 41 42.5 7.857 
45 42 37 42 41.7 
31 33 34 35 33.2 7.852 
34 36 36 34 35.0 
30.5 26 28 29 28.4 7.838 
33 26 36 31 31.5 
33.5 33.5 3.5 34.5 33.7 21,000 7.826 
45 44.5 44 43 44.1 20,000 7.860 
23 27.5 23 23 24.1 22,000 7.826 
32 8.5 34 30 31.1 
F., furnace cooled 
JANUARY 
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some 40% higher than those of the parent metal Che 
impact numbers of the weld metals deposited by the 
other electrodes are of the same order as that of the 
parent metal, with the exception of that obtained from 
electrode QR, which gave values which were consistently 
le Ww. 


DUCTILITY 


In Fig. 3 it will be observed that the elongation and 
reduction of area of the weld metals deposited from 
electrodes OP and GH are of the same order as the corre 
sponding values obtained on the parent metal The duc 
tility of the weld metals from the other electrodes are 
somewhat lower than this. Considering the stati 
properties of all of the weld metals which were tested it 
will be noted that high ultimate strength and yield point 
are generally accompanied by low ductility. Since, in 
the case of all the weld metals, the yield point is greater 
than that of the parent metal, it would appear that 
nothing is to be gained by increasing the strength of the 

ld metal above that of the parent metal at a consider 
able sacrifice in ductility. A good example of this is the 
weld metal deposited from electrode QR which, although 
it has a much higher ultimate strength and yield point 
than the parent metal, is very much less ductile when 
tested under static or impact loads 


EFFECT OF STRESS RELIEF 


shows that stress relieving of the weld metals, in the 
najority of cases, lowers the ultimate strength and yield 
point by a few per cent. This slight decrease in tensile 
strength, however, is accompanied by a considerabl 
ncrease in ductility, as revealed by a higher percentag: 
elongation and reduction of area. The stress-relieving 
treatment appeared to have little influence on the 
values of the weld metals. 


A comparison of the data presented in Figs. 3 and 


linpat { 


HARDNESS VALUES 


rhe results of the hardness survey across the faces of 
the as-welded and stress-relieved test-pieces made with 
electrode AB are shown graphically in terms of both the 
Vickers and Rockwell scales in Fig. 5. It will be ob 
served that there was very little difference in hardness 
between the deposited weld and the parent metal. No 
hard spots were found on the line of fusion and, in fact, 
the hardness along this line was some 15 points lower o1 
the Vickers scale than the material at the center of the 
weld. The metal at the top surface of the weld, which 
was applied in the last pass and therefore was not sub 
jected to reheating and consequent grain refinement by 
succeeding passes, was some 40 points harder on the 
Vickers scale than the parent metal and some 25 points 
harder than the material at the center of the weld. The 
progressive increase in hardness along the center line, 
irom the bottom to the top of the weld, is a good illus 
tration of the grain refinement effected by multiple bead 
deposition. Further, it should be noted that stress 
relief at a temperature of 1100° F. brings about a di 
crease in hardness of the weld metal which is most pr 
nounced in the very hard layer near the top of the weld 


CONCLUSIONS 


The weld metals deposited from all of the ele 
trodes which were tested, with one ex eption, namely 
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QR, gave notched bar impact numbers which were 
equal to or higher than those obtained on the structural 
steel plate 


y. The yield point 


f the weld metals was hig! ier in 


every case than the yield point of the parent metal 

5} Subjecting the weld metals to a strese-reneving 
temperature of 1100° F. brought about a slight diminu 
tion in ultimate strength, yield point and hardness, 
accompal ied by a small increase in elongation and re 
duction of area 

i The material dey sited by electrodes OP and 
GH, in the as-welded condition, showed a reduction of 
area and elongation which was practically equivalent to 
that of the parent metal. The ductility of the materials 
deposited from the other electrodes, in the same condi 


tion, was, in the majority of cases, considerably lowet 


than that obtained on the parent metal 

5 The highest impact values and the best static 
properties were obtained on those weld metals, OP and 
GH, which had the highest specific gravity and showed 
no visual evidence of included foreign matte: he 
weld metals deposited from the other electrode all re 
vealed the presence of included slag, which may have 
been caused either by incorrect melting 


undesirable characteristi in the coating, which inter 
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Fig. 6—Fractured Tension and Impact All-Weld Specimens 


fere with its complete volatilization. Electrode QR was 
particularly objectionable in this respect, the deposited 
metal being dirty, porous and having a very low specific 
gravity. 

6. The impact test furnishes a simple method of 
comparing the quality and homogeneity of weld metal. 
High impact values are always associated with high 
ductility, as revealed by the elongation and reduction of 
area in the static test. Consistency in the impact re 
sults indicates homogeneity of the weld metal, a quality 
which is very difficult, if not impossible, to assess on the 
basis of tension tests alone. 

7. The consistency of the results obtained in a series 
of impact tests on a number of all-weld-metal specimens 
removed from a test-piece, such as that used in the pres- 
ent investigation, is a reliable index of uniformity and 
for this reason could be employed as a qualification test 
for welders. 

8. In the case of some of the electrodes tested the 
ultimate strength of the deposited metal, as published 
in the manufacturer’s data, is considerably higher than 
the values which we obtained. This discrepancy may 
have resulted from a difference in the plate thickness or 
size of the electrodes use. It is also possible that the 
manufacturer's figures were based on test-pieces welded 
under very carefully controlled conditions, whereas the 
test-pieces used in this investigation were prepared under 
the same conditions as those employed in commercial 
welding. 


RECOMMENDATIONS 


The information obtained in the investigation reported 
above forms the basis for the following recommendations: 


(1) Electrode Quality Test 


The insertion of a clause in standard arc-welding speci- 
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fications stating that, where deemed necessary, the 
inspector may require the manufacturer to prepare a 
welded test-piece similar to that shown in Fig. 1. The 
impact numbers obtained on all-weld-metal Charpy 
specimens removed from any part of the weld, in the 
above-mentioned test-piece, shall be at least 30 ft.-lb. 
If the impact numbérs are consistently lower than 
30 ft.-Ib. the electrode shall be considered unsatisfactory 
and replaced by one which meets the above requirements. 


2) Qualification of Welders 


The insertion of a clause in standard arc-welding 
specification stating that, where deemed necessary, the 
inspector may require a welder to prepare a welded 
test-piece similar to that shown in Fig. 1. The impact 
number obtained on all-weld-metal Charpy test speci 
mens removed from any part of the weld in the above 
mentioned test-piece shall be at least 30 ft.-Ib. If the 
impact numbers are consistently lower than this, or, if, 
in the inspector’s opinion, they are not sufficiently uni 
form, the welder shall be considered to have failed to 
meet the qualification test. 
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ATOMIC-HYDROGEN ARC WELDING 








HE atomic-hydrogen process of welding differs 
from the ordinary arc-welding process in two r 
spects first, the arc is maintained between tw 

electrodes rather than between one electrode and the 
work, and, second, the are is made to occur entirely in an 
atmosphere of hydrogen to produce atomic hydrogen 
which with the arc is directed on the work to perform the 
welding operation. 


THE HYDROGEN ATMOSPHERE 


Che hydrogen atmosphere excludes all oxygen and 
other gases which might combine with the molten metal 
to form oxides and other impurities; and, in addition, it 
is so active in its atomic condition that it successfully re 
moves oxides that might have previously formed on the 
surface of the work. Also, the recombination of the 
hydrogen from atomic to molecular state results in a 
high-temperature arc fan and especially good heat trans 
fer. Because the arc used to generate atomic hydrogen is 
independent of the work and can be moved instantly at 
will, it provides an unusually mobiie tool which is espe 
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l—An Atomic-Hydrogen Arc-Welding Equipment in Use 





By W. E. WILSON’ So ves Difficult Prob ems 





’ 

cially valuable in the fusion weldi { delicate and exact 
ing worl Although the arc ji rdinarily maintained 
constant while welding, it can be adiusted over a wid 
range of size and intensity to provide a wide choice of 
heat to suit a wide uriety of worl is the result of all 
these characteristics, metal that roperly fused by 
atomic hydrogen is uniforn e al free from pit 
holes, and the welded joint f ictile, sti 
ind smooth in appearance 

This unique welding proc reatest valu 
ind usefulness in the fabrication of ¥ products, as well 
is in the repair of existing equipment where fusion wel 
ing 1s required on special fer ron 
nickel and molybdenum tee] I n-lerrou metal 
ind alloys, such as alun I n kel, n 
opper, brass and bronze ‘ tl eet metal 
cluding stainless steel, ets t i ve list I 
almost any fusion-wel I rog { 
juite so inexpensive as the ordinary arc-welding pt 
esses, and tor that reason it usefulne | maximum 
practical value on those applicatior whicl annot be 
handled so successfully by o1 ul 

Among the many examples of successful pplication of 
atomic hydr vel ir welding, irge midwestern manu 
lacturer employs the process to reduc t and t vel 
come technical difficulties { experience hie 
manufacture of heat-resisting tubing fabricat: 
material which was “‘] t ficult Ne 
ordinary means. The equipment paid for itself in the 
first year of operation and produced tubes free of , 
tion and of much better qualit rat es al wert 


practically eliminated 
A western manufacturer, fabricating oil-well casings of 
found atomic | rogen to be the onl 


hard red steel, 

















Fig. 4—Reconditioning Was Accomplished by Building Up Worn Spots 
by Atormic-Hydrogen Welding 





Fig. 5—The Refinished Plunger After Welding and Remachining 


means by which he could successfully get the unusually 
high ductility required. 

Likewise, an eastern manufacturer uses atomic hydro- 
gen extensively in the manufacture of motorcycle frames; 
others for welding stainless-steel tubing; others for weld- 
ing monel metal; others for hard surfacing, etc. 


HARD SURFACING 


In the field of hard surfacing, atomic-hydrogen welding 
has proved to be an excellent means for applying Stood- 
ite, Cristite, Borod, Blackor, tungsten carbide, etc., to 
the cutting edges of drills, cutters, bits and other tools, 
so that they can be used many times longer without being 
taken out of service for resharpening. 
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REPAIRING TOOLS, DIES, ETC. 


In addition to the fabrication of new products, atomic- 
hydrogen arc welding is highly valuable in the repair of 
forming dies, forging dies, die-casting dies, permanent 
molds and similar equipment, as well as for alteration of 
existing dies to accommodate design changes or to rectify 
mistakes of machining. It is also used successfully in the 
repair of circular saws, high-grade machine tools, etc. 
Other welding processes have been used in this class of 
work but results have not been encouraging. Because 
of its outstanding performance, however, atomic-hydro- 
gen arc-welding equipment is widely used in this class of 
repair work with eminent success, and has saved many 
thousands of dollars annually for users. 





Fig. 6—A Die Block Saved by Atomic-Hydrogen Welding 
Through error, a milling machine was made to cut below an arc scribed on the face 
of this die block made of oil-hardening steel 
welding equipment was available for use in salvaging both the material and labor which 
had been used. Although the quality of the deposit is A-1, the operator explained 
that he would have made a neater looking job had he known it was to be photographed. 


Fortunately, however, atomic-hydrogen 





Fig. 7—An Engineering Change Accomplished with the Aid of Atomic- 
Hydrogen Welding 

Engineering changes frequently cost a great deal especially if they have to be made 
after work has progressed to a considerable extent as it had in the case of this die. 
Atomic-hydrogen welding wes used and the needed metal in. by */a in. by 4 in.) 
easily and inexpensively added, to provide the same physical properties and chemical 
analysis as the parent metal. When machined, the surface was entirely free of pinholes, 
and when water-quenched it was of uniform hardness with no soft spots 





Fig. 8—An Error in Drilling a Die Corrected by Means of Atomic- 
Hydrogen Welding 

Holes are often drilled or cut in the wrong places; this happened in making 20 of 
these die blocks. 

Instead of having to scrap the blocks, the holes were led by conventional 
arc welding, and the finishing passes were put in by atomic-hydrogen welding to avoid 
pinholes in the surface when finished and to provide a sound surface of uniform hardness 
when water-quenched 
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ADVANTAGES OF PROCESS 


[he advantages of the atomic-hydrogen welding proc 
ess over other welding processes for the types of work 
mentioned are: 

Metal of the same analysis as the part being welded 
can be deposited. For this purpose the filler rod used 
in making the deposit should be of the same analysis as 
the part being welded, except that it should contain about 
one-third more carbon to compensate for the loss of this 
element. No appreciable change takes place in the other 
elements. Many manufacturers of alloys can furnish 
such filler rods.‘ Ordinarily flux is not required. 

2. The heat-treating properties of the deposited 
metal, therefore, are the same as those of the die or other 
parts, a feature which assures uniform composition for 
reworking and thoroughly reliable service from the re- 
paired die. In fact, it is usually impossible to detect the 
repair after it has been machined and heat treated. In 
contrast, attempts to use hard-surfacing electrodes for 
die repair show that difficulties are encountered when it 
is necessary to anneal the die for reworking, as the de 
posit is not softened by the annealing temperature. 

3. Atomic hydrogen produces an unusually smooth, 
ductile deposit free from any pinholes or impurities such 
as oxides and nitrides. 

4. The weld is clean and free from scale and the work 
is not pitted by weld spatter. Undercutting is easily 
avoided. 

5. The thickness of deposit can easily be varied from 
the thinnest surfacing to a heavy deposit. Feather edges 
can be built up without putting on excess metal. Defi 
nite savings are made by depositing exactly the amount 
of metal required, thus reducing machining costs 

6. Small sections of cutting edges can be built up 
without affecting adjacent areas by scaling, undercutting 
or spatter, so that reworking of the entire cutting edge 
can be avoided. 

Dies, permanent molds and other special tools often 
cost hundreds or even thousands of dollars, and a weld 
ing process that will enable them to be repaired o1 
changed is of correspondingly great value. Not uncom- 
monly, the saving which the atomic-hydrogen process 
has effected in a single one of these jobs has paid the en- 
tire cost of the welding equipment. 


APPLICATIONS 


The following specific examples of successful applica- 
tions of atomic-hydrogen welding indicate some of the 
many uses for this equipment. In addition, new uses 
are continually being developed where the welding has 





Fig. $—The Welding of This Fine Wire Mesh Shows a Successful Use of 
Atomic-Hydrogen uipment and Illustrates the Precise Control of 
Heat Obtainable 
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Fig. 10—Close-Up of Automatic Atomic-Hydrogen Arc-Welding Head 
Used to Fabricate a Special Heat-Resisting Alloy Tubing 


to be of a particularly high standard of quality, and where 
complex alloys are encountered 


Oul-, Water- and Air-Hardened Dies 


Hardened dies, whether they are oil-hardened, water 
hardened or air-hardened, can be readily welded by the 
atomic-hydrogen process Filler rod of the same general 
analysis as the metal being welded should be selected 
although it should contain the mentioned approximately 
one-third more carbon than is desired in the deposited 
metal. Best results’ will be obtained by having the 
hardened die annealed before welding The annealed die 
should be heated to a cherry-red and the filler rod wil 
flow in smoothly, insuring an absolutely sound weld with 
no pinholes or bubbles in the deposit. When welding 


sections of air-hardening steel, best results are obtained 
by keeping the die quite hot. Extra precautions should 
be taken, therefore, to prevent the die from cooling too 
much before the weld is complete: Phi particularly 
important when large sections are involved. If the di 
tends to cool off too rapidly, the welding should be 
stopped until the die has been reheated to a cherry-red. 

After the welding is completed, the die should be 


normalized and allowed to « vel lowly in p wadered 
mica, lime or shredded asbest 


Con lie l/l 

Large dies have been succe \ the aid oft 
atomic-hydrogen arc-welding equipment by employing 
composit struction In tl pe work, the body 
of the die is usually made of a good grade of cast steel, 
while the cutting edges, forming edg« r other portion 
subject to extreme pressures are built up fr the de 
sired quality of tool steel Si tantial savings have 
been effected by such constr 
LHiange ind Corre ) » | 

Many times, after a di n the process « ma 
chined, last-minute engineerit hanges may require an 
alteration in the shapt If t nge involves removal 
of more metal, the problem relatively simpl How 
ever, if the change involves thi ldition of metal it ma‘ 
mean scrapping all the work which has been done and 
starting over, unless atomic-hydrogen welding equip 
ment is available to use in properly adding the needed 


metal. 














Fig. 1l—An Automatic Atomic-Hydrogen Arc-Welding Machine Used 
to Weld the Spheres Shown in Fig. 12 


Again, it is often found that a minor change in design 
of the particular part being produced needs to be made 
after the die has been in use for a short time. Although 
it may be in good shape otherwise, such a die often may 
have to be scrapped or rebuilt to incorporate the desired 
changes, unless atomic-hydrogen welding equipment is 
available. 

Likewise, errors in machining can be readily corrected 
by atomic-hydrogen welding with the assurance that 
the welded part is just as satisfactory in every respect as 
a completely new piece. 


Die-Casting Dies 

Die-casting dies that have been in service for some time 
may become marred or scratched when the operator uses 
an ejecting tool in removing the casting. Such dies are 
unsuitable for further use because most die castings re 
ceive very little finishing and any slight imperfection in 
the die will show up in the finished product. On this 
type of repair work it is possible to add just a spot of 
molten metal to the marred section, and to work it out to 
a smooth feather edge by playing the atomic-hydrogen 
flame over the deposited metal, leaving very little excess 
for the toolmaker to machine away. The absence of 
spatter or scale on the finished part of the die adjacent 
to the weld is of further advantage in work of this kind. 
Permanent Molds 

The welding of permanent molds is another large field 
of application. Such molds vary widely in purpose and 
size, many being quite costly because of the intricate ma- 


Fig. 12—Spheres 2'/: to 10 In. in Diameter 

Are So Welded by the Machine Shown in 

Fig. 11 That But a Slight Ripple May Be 
Felt in Their Surfaces 


28 THE WELDING JOURNAL 





’ 

chine work required to get the patterns desired. Some 
of their principal uses include the molding of plasti 
materials and rubber compounds. Usually, the surfac« 
must take a mirror-like polish. One outstanding ex 
ample of this type of mold is that used in the manufacture 
of automobile tires. Many times there are minor 
changes required in the contour, such as in the tread de 
sign or even in the lettering on the mold, which can be 
readily filled up and recut to save the entire mold. 


Forging Hammers 


The sow-blocks and rams of large forging hammers are 
usually made of hard alloy steel. As a result of the 
terrific blows these pieces receive, progressive failure 
takes place because of fatigue, and frequently a section 
of the metal will break away. The weight of such sow 
blocks and rams sometimes runs as high as 4000 to 10,000 
Ib. and, naturally, replacement is a very costly matter. 
The use of atomic-hydrogen welding equipment for repair 
often avoids such costly replacements, because it is pos- 
sible to obtain a filler rod of the correct analysis and re 
build the section which has been broken away. In this 
way, all of the physical and chemical properties of the 
parent metal are retained in the repaired section. At- 
tempts to make such repairs with other welding processes 
have never been very encouraging because of the diffi- 
culty ordinarily encountered in handling an alloy rod and 
in making a proper deposit. Experience shows that the 
atomic-hydrogen process is the only one known to 
produce the uniform, close-grain structure required. 


USEFULNESS IN TOOLMAKING 


Toolmakers who are familiar with the advantages of 
atomic-hydrogen welding demand that their work be done 
by this process in order to obtain a weld free from pin- 
holes, undercutting, spatter, etc., and in order to obtain 
deposited weld metal which will be uniformly hard after 
heat treatment. The amount of machining necessary 
after a die has been repaired is very small compared to 
that which is necessary when attempts are made to use 
other processes, because with the latter a bead of appreci 
able thickness is necessary to get any kind of a deposit. 
Furthermore, in most cases it is almost impossible to ob 
tain a welding rod which can be used with the ordinary 
arc-welding process to produce a deoxidizing vapor 
around the arc, to prevent the formation of oxides and 
nitrides, and to eliminate the coarse structure which 
results when alloy rods are not protected by a proper 
coating. With gas welding, it is very difficult to control 
or to prevent a decided burnout of the carbon in the filler 
rod, while it is being deposited. This lack of transfer 
of carbon causes soft spots in the die, depending on the 
amount of carbon lost, with the result that the die soon 
wears or deforms under pressure, thus causing imperfec- 
tions in the product. This, of course, necessitates scrap- 
ping the die. 
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MATERIALS THAT MAY BE WELDED 


Carbon Steels —Carbon steels with a carbon conten 
as high as 1.25 per cent have been successfully welded 
with the atomic-hydrogen process 

Chrome Steel—Chrome steels having a chromium 
content up to 40 per cent have been successfully welded 
with this process. The resultant welds are not particu 
larly brittle if the chromium content is less than 20 per 
cent and usually will not require heat treating. Ascoloy, 
which has a chromium content between 12 and 16 per 
cent, is included in this class of steel. If the chrome con 
tent is over 20 per cent, heat treatment after welding will 
relieve any tendency toward brittleness 

Special Alloys——Modifications of chrome steel, pat 
ticularly by the addition of nickel, have resulted in stain 
less steels such as KA-2, Enduro, Allegheny Metal and 
Super-ascoloy. This addition of nickel aids in welding 
and makes possible the production of strong ductile 
welds without the necessity of subsequent heat treatment 

that is, as far as the weld itself is concerned. How 
ever, it is necessary to heat treat after welding if restora 
tion of full stainless properties is desired 

Non-Ferrous Alloys—Most non-ferrous alloys can be 
welded successfully by the atomic-hydrogen process. 
Calorite, a 15 to 20 per cent chromium, 80 to 85 per cent 
nickel alloy, can be welded, not only in a worked form, 
but also in the form of a casting. This metal is used for 
resistance units and heaters for electric furnaces, in 
which the welds are subjected to severe strains which 
they readily withstand. 

A more common non-ferrous alloy is brass. As a gen 
eral rule, alloys of copper and zinc are difficult to weld 
because of the lower melting point of the zinc. The r 
sult, therefore, in welding this metal is that the zinc has a 
tendency to vaporize before the copper has reached it: 
melting point. When the brass contains more than 40 
per cent zinc, welding is practically impossible. For 
brass with a zinc content of less than 40 per cent, a flux 
is needed in welding with the atomic-hydrogen process 

[he process has also been used successfully in welding 
mone! metal, such as that used in gasoline-storage tanks 
and other applications. 


Discussion of S. T. 


smetter’s Paper on 
Shrinking of Steel’ 


By C. R. WHITTEMORE, M.Sc.' 


N commenting on Mr. Smetter’s paper on the “Shrink 
ing of Steel’’ the writer wishes to draw attention toa 
few of the statements which may lead one to adopt 

expensive and unsatisfactory methods in overcoming or 
at least minimize distortion due to welding 

In the first place the control of distortion must be based 

upon a knowledge of the behavior of the metal under the 
stresses introduced by the welding process and the effect 
of temperature upon the metals being welded. 

First, let us consider a ball and a ring made of nickel, 

the ball when at room temperature just neatly passing 
* Paper presented at Annual Meeting, A.W.S. and published in October 
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TECHNIQUE OF ATOMIC-HYDROGEN WELDING 

he technique of welding by any process 1s primarily a 
matter of craftsmanship. The proper technique in get 
ting best results with atomic hydrogen is no more difh 
cult or involved than with any other welding process 
Its acquisition rests ultimately with the individual 
With a few hours of practice operator can learn how 
to start the equipment and to make the proper adjust 
ment of welding current and hydrogen flow With this 
knowledge and a few simple rules, he can make satisfac- 
tory welds on plate stock Skill in the welding of com 
plex sections, the repair of molds and dies, and simular 
work, must be acquired by experience or under the direc 
tion of a competent instructor! 

Familiarity with other methods of welding is of some 
assistance to the operator who is just learning to weld 
with the atomic-hydrogen proce 
extent, the manipulation of the atomic-hydrogen torch 
is similar to welding with a gas torch. Steadiness of 
hand and accuracy of touch are required for best results 


lo a considerable 


General knowledge ol counteracting warpage 1S also 
helpful 


Since the arc is established between two electrodes, the 


work does not form a part of the electrical circuit and, 
therefore, does not need to be grounded. A filler rod 
may or may not be used, depending on whether the de 
sired joint requires the addition of metal The tungsten 


electrodes do not enter into the weld, although they 
are very slowly evaporated by the intense heat of the 
arc 

The arc stream has a very definite circular outline, with 
the greatest concentration of atomic hydrogen (and there 
fore heat) at the boundary of the arc stream, the edge ol 
which should just touch the surface to be welded. The 
amount of heat available for welding depends on both 
the welding current and the size of the are fan 

With these features for guidance, 
actual experience with the atomic-hydrogen welding arc, 
the operator will readily acquire the technique of produc 
ing unusually smooth, uniform, strong and ductile welds 
either manually or by an automatic welding machine 
equipped to use the atomic-hydrogen process 


upplemented by 


through the ring Heat the ball to 400-500” F., keeping 
the ring at room temperatur ind it will not pass 
through the ring. Now cool to room temperature and 
it will readily pass through the ring. If a cast-iron ball 
be used and heated to 400—500° F. the same results would 
be obtained but if heated to 1200° F. and held at tem 
perature for an hour or so, then cooled, it would not pa 

through the ring owing to an increase in volume through 


structural changes of the irot 
Che theoretical curve of 

a straight line indicating that during heating and cooling 

the rate of expansion is directly proportional to the tem 


1 contraction is 


expansion ar 


perature. In general, steels heated below their tran 
formation or critical points follow a straight line but 
when heated above the critical points the periods of ab 
sorption and evolution of heat are accompanied by defi 
nite changes in volume of steel being heated and cooled 
For certain alloy steel expansion is not quite propor 


tional to temperature for at higher temperatures ¢ xpan 
sion is at a greater rate than at very low temperatures 
The most important factors contributing to distortion 
in a welded structure ar 1) welding technique, (2 
procedure and sequence of welding accuracy of fit-up, 
t) design of structure, (5) materials employed 
Welding Technique: European practice is to use small 


nt 
© 








electrodes with low welding currents, while American 
practice prefers large electrodes and high welding cur- 
rents. The former claim that their technique produces 
less distortion and lower residual stress than the latter 
technique. The following results from extensive tests 
made by McGill University (Ref. JouURNAL OF THE 
AMERICAN WELDING Society, Dec. 1934) and others do 
not substantiate the claims of the advocates for small 
electrodes. 


Weld 
Bare electrode, one pass 
Bare electrode, two passes 
Covered electrode, one pass 
Covered electrode, two passes 


Stress in weld 
12,000 Ib. per sq. in. 
—  - ~ 
wae” * 
————hUlUC TCU 


In the Union Melt welding process, where plate thick 
nesses from '/, inch to 2 inches in thickness can be welded 
in a single pass the distortion is approximately 50 per 
cent less than with hand welding in multiple layers. 
This is due to the weld being made in a single pass which 
produces a more uniform distribution throughout the 
cross section of the joint. In the welding of rigid or 
heavy structures the uniform preheating, particularly in 
cold weather, and holding at temperature during welding 
followed by slow cooling afterwards materially lessens the 
stresses in the welds. Also the stress-relieving at 1200 
F. of heavy plates before assembling into the structure 
materially lessens the stresses and distortion in the com- 
pleted structure. 

Procedure: The close fit-up of parts to be welded is of 
paramount importance in the welding of heavy material 
and to a lesser degree with light work. The procedure 
in fabricating by welding in the case of light work is to 
tack-weld the parts together and proceed with the weld- 
ing having the work clamped rigidly. Sequence of weld- 
ing must be planned in order to have the least distortion, 
e.g., by back-stepping, by welding on alternate sides of 





the joint, by light peaning, by keeping the weld size 
requirements. With heavy plate work the parts should 
be assembled so that they are free to move without g 
ing out of alignment. 

Joint Design: The design of the joint should be such 
that the cross-sectional area of the weld for a giver 
thickness of plate is a minimum. Distortion is greatest 
in V-welds, next in U- and least in double V- or U-welds 

Materials: The joining of plates of different thich 
nesses places more distortion in the thinner plate since 
the amount of heat put into a weld is governed by the 
heavier plate. The analyses of the weld metal and the 
parent metal are not the same and the weld metal from 
different electrodes produces varying amounts of distor- 
tion. Also the stresses due to rolling of the plate or 
shape are quite variable and are more often a greater 
factor in producing distortion than differences in metal 
composition. Localized heating and cooling of a welded 
structure release these rolling stresses as well as the weld- 
ing stresses resulting in increased distortion but spread 
over a greater area. , 

The heating and cooling of a welded structure by in- 
crements place a great deal of locked-up stress, through 
shrinkage, in the structure. By the use of the correct 
sequence of welding, the welding in units which are as- 
sembled into the whole structure and the welding of these 
units in the proper order, no serious distortion will occur 
By checking the work for distortion during welding its 
occurrence is discovered and corrected before it becomes 
serious. The examples, “‘Head Gates’ and ‘Machine 
Girders,’’ straightened by heating and cooling are typi- 
cal of the class of structural welding which lends itseli 
to sub-assembly and sequence welding, to keep distortion 
within allowable limits. Such examples as these em- 
phasize the need for qualified supervision and inspection 
during progress if welded fabrication is to progress and 
show the economies that it is capable of effecting. 


DESIGN OF WELDED RIGID FRAMES 





By MARTIN P. KORN* 


Y FIRST paper on this subject published in THE 
WELDING JOURNAL in June 1939 brought forth 
questions many of which are of general interest. 

This paper prepared in advance has been revised to in- 
clude their discussion. 


BASES FOR WELDED RIGID FRAMES 


The question of whether to use fixed or hinged bases 
depends entirely upon the specific problem and the de- 
signer. We can evaluate the effect of all types of bases 
on the stresses in frames. But it is important that we 
first agree on what we mean by fixed or partially fixed 
bases. For it is a fact that some designers do not fully 
realize that their fixed bases remain fixed only in their 
design notebooks. 

Strictly speaking, no base of a structure can be con- 
sidered as fixed except one in rock or hardpan. Steel 
piles frequently settle under loading, likewise all types 
of spread footings. Even in subways at great depths, 
settlement occurs where you would not ordinarily expect 
it. 


* Consulting Engineer, Buffalo, N. Y. 
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Because settlement may occur, it is to be expected that 
some rotation of the bases will follow, since neither maxi- 
mum nor minimum loading conditions will produce equal 
distribution of soil-bearing pressures on the base. If, 
therefore, you design rigid frames with fixed bases not 
bearing in rock, you have no assurance that your struc- 
ture will be fixed. You can more safely assume that it 
will not be fixed. The restraining moment acting on the 
base will be something less than the moment necessary to 
completely fix the base. 

The only result you can really be sure of when you de- 
sign for fixed bases is that your rigid steel franie and bases 
will act together toward absorption of the stresses due to 
the loadings. In other words, you change the behavior 
of the steel frame when you unite it with the footings. 
You change, likewise, the behavior of the footings. 
Briefly you make your foundation an integral part of 
the steel frame (independent of the soil), the stresses in 
the structure depending entirely upon the extent and 
manner of its union with your foundation. Fixed bases 
serve somewhat in the manner of laced shoes on a man’s 
body, the higher and stronger the lacing, the greater 
they function jointly with the body movements and 
stresses. 
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In a steel rigid frame having hinged bases, the foot 
ings serve only as “‘soil-bearing plates’ just as wall 
plates for wall-bearing beams. 

It is plain then that whether you design the rigid 
frames for fixed or hinged bases, the behavior of the 
structure is elastic throughout unless it rests in rock. 

In the light of this fact we can set down as axiomatic 
that fixed bases affect only the stresses in the rigid frame 

they do not determine the fixation of the rigid frame. 
There lies a difference which it is important to under 
stand in the calculation of stresses. Realization of the 
fact that rotation does occur in fixed bases, even though 
slight, will make a difference in your design. 

Comparing briefly the results of a design with fixed 
bases to one having hinged bases, the stresses in the col 
umns vary the greatest, the stresses in the knees in a 
lesser degree, the stresses ia the deck or roof beams in a 
still smaller amount, not enough to change your design 
should you change the type of bases. This applies only 
to symmetrical loadings. 


TIES BETWEEN BASES 


The question was asked, “Are ties necessary for 
Most rigid frames can be designed with safety 
without ties. Under some conditions it may be more 


safety?” 


economical to provide ties and reduce the material re 
quired in the rigid frame proper 


Mode 


Tested Steel Knees 


If you design for fixed bases, ties will ge nerally not be 
required. If you design for hinged bases, ties will be 
necessary unless you design the rigid frame and bases 
to take the horizontal thrust. Ties according to their 
design will take a certain proportion of this horizontal 
thrust; the remaining portion will be distributed to the 
rigid frame, the bases and the backfill (if present) in 
proportion to their relative ability to take horizontal 
lorces. 

For a deck bridge with backfill against the legs of the 
frame, you can usually with safety use hinged bases with- 
out ties. For an ordinary mill building frame, ties are 
usually objectionable because of floor trenches, machin- 
ery foundations, etc. In that case it is better to design 
without ties. 

Prestressing the ties by some methods produces bend- 
ing moments in the rigid frame, some of which will be in 
the same direction as moments produced by loads on the 
frame. A careful study of the problem is necessary be 
fore it can be determined whether anything can be gained 
by prestressing the ties 


LOCATION OF NEUTRAL AXIS 


Information was requested proving statement in my 
June 1939 article that the center of gravity and the 
neutral axis in knees do not coincids 

According to our present accepted theory of strains 
and stresses in elastic materials, the strains from bending 
are proportional to their distance out from the neutral 
axis in beams with straight axe 

In beams with curved axe not the cast Che 
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ary in length and 
alter bending, t 
their distance out from the 
eth of 


between radial sections ' 


fiber lengths 
if plane sections remain plane 
strains are not proportional to 
Any standard text-book on stren 
will explain that point 


In both cases of 


axis materials 


axes, bending 


and curved 
will produce a rotation of all cross-sectional planes nor 
mal to the axis [his rotation is caused by the 
and compression acting on the fibers between 
two adjacent cross-sectional planes normal to the 

If we are to have flexure in the and they are 
composed of the same elastic material and subjected to 
bending moment 


straight 


tension 
Stresses 
aXI1$ 


1 
Knees, 


structure, then the 
assume a position such that 
sectional planes normal to the elastic axis will not over 
lap and will be at least an infinitesimal distance apart at 
any point 

Chis is a physical or boundary 


as the rest of the 


neutral axis must 


cross 


condition which will 


cause the elastic axis to deviate from the center of 
gravity of the section within the range of influence of 
this boundary condition In order to have cross-sec 


axis which do not 
the neutral axis must be 


intersect 
curved and 
from the neutral 


tional planes normal to the 
within the section, 
of a radius greater than the distance 
axis to the boundary of the material 

Che location of the neutral axis, then is dependent on 
the radius which it assumes and the laws of equilibrium 
between the internal stresses and the external forces to 
gether with the principle of conservation of energy 
Since the ixis becomes curved to a relatively 
small radius within the knees, radial stresses necessarily 
increase in importance and must be investigated. The 
function and importance of these radial stresses will be 
shown in the discussion to follow herewith 

Analysis of knees by polarized light by recognized 
experimental laboratories together with tests of models 
of knees of different materials conducted by the writer 


elastic 


+ +1, } 1, ‘ a } » I 
substantiates the above theory o within the kne 


rhis analysis will be treated separately in a later artic! 


+ 
actuion 


WELDED VERSUS RIVETED JOINTS 


linent bridge engineer asks 

a welded joint as accurately a1 
ma riveted joint? 

ow about eccentric welded joints compared wit 
riveted joints? 

It is to that 


| 
Class 


4 highly responsible engineers 
whom this series of articles is primarily directed. Eng 
neers who labor those questions are respectfully referre 
to the A. S. C. E. Proceedings tor May 1939, article e1 
Riveted Joints’ by 

| 


titled Davis, Woodruff a1 
\ other articles on that subject through 19 


; cluding one by T. H. Rust in the November: 
938 Proceedi Then follow through with the di 
cussions 
Let us quote some excerpts at ndom tron e d 
ussions of the riveted joints 


Ce k 
Che authors have 


Bridge Cx 
conclusio1 


\merican 
startling 


Chief Engineer 


. Goodrich, 


arrived at some 


ye of which has been suspected by some engineers 
namely, that designers have been wasting effort tryin, 
to maintain an optimum net section at the ends of cor 


nections of splices by the use of considerably fewer rivet 
in the end rows 

Frederick P. Shearwood, 
minion Bridge Co., ‘The distribution of the loads in the 
rivets and the stresses in the material of large riveted 
joints is one of the problems that, on account of its 
complexity and the many indeterminate factors which 
enter into its resistance, have been avoided by mathe 
matical theorists: and joints have 


Consulting Engineer, Di 


these been designed 





coln Electric C 


Main Ave. Bridge, Cleveland, Ohio 
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ticl imple empirical rules and the designer's « ructure For the ca ' 
ense and judgment treesed even hevond the elast mit and the structure 
ithan Jones, Chief Engineer, Fabricated Steel Co) will stand up as long as t Lo ang nd the colum: r 
tion, Bethlehem Steel Co Most not all of the idequat rhe knes lid therefore dominate the 
members in riveted bridge trusses now standing fram It must be ‘} e and strength 1 
ven detailed on a certain assumpt which the act as bumper at trafic center t t all stresse sround 
al neriments tend decidedly to disprove the fram 1¢ must a » & that it can het 
leference to the above authorities and the subject ind redistribute stresses due | rmal load 
“ re asked to read their full discussio hat will the tram In other word C1 tI e stre th and 
uu quite definitely how riveted joints have beet Hexibility greater magnitude | the con = 
rs ft lesioned all through the years. Consider al that al) SMor ! the forces in 1 - nd —_ 
Ene ons were based on results learned from old test Ii the rigid trame be “ , | ve ground 
erre juote “nNgineering News-Record ot el { } ’ a) the eartl the knee ’ Urn trait nrst Lye 
e e! at itions commonly employed in t e desigi tructural ed lominate ul : © the 
F and riveted connections are based largely on tests made at %€@™sS and the colum he SS oN 
1938 Cornell University in 1904, on joints of relatively smal] @" SMergency And in 1 y cases the roof beams and 
mbet size having a maximum of nine rivets in either end and CO!mns can take up t re stress than ordered 
die made of softer plate and rivet steel than now used in the design computat return to normal after 
\ll questions pertaining to the design and strength of a CMCTECUNC) We see thi vy unusually sate your 
welded joints must be approached from the point of view "! d frame be if onl Un ce whic! - 
it if the designer has a mental awaren the in tute mall a pat the upper hand 
il stress action of his joints, he can in most cases de \ good design for a1 : ld, therefore, set up 
WA a welded joint superior and more economical than a a life line around the kne« t to imply load 
som veted connection. Welded joints can be made mor down the knee with exe teel a welding, whict 
ee effective in the transfer of stress Discontinuities in se might do more harm tl 
» hao tions may be avoided which will reduce stress concentra We shall now proceed with a st : nee as in | 
ou tions. Welds can be placed at points of maximum ad We shall study separatel “ wie e 
ivets ntage. Gross sections can apply tance and its compr rea OF resistance | 
Erroneous conclusions have been reached by some wil the knee al ' B, and 
Di served the action of joints in which weldi wa . Che diagran how be . ' 
n the merely substituted for rivets Welding has inherent PrOPO™ el , 
> ane characteristics which must be used to secure its maxi 
‘ : 
teicl rH! benefit. Welded joints well thought out BEHAVIOR CHARACTERISTICS OF TENSION 
designer mentally aware of his structurs ction can be 
the 1s near the attainment of ideal joints as practical or papas — 
gned economic considerations will allow ; 
Most helpful toward a better understanding the wah entre ™ 
trength of welded joints would be your observation of a lividual member 
test to destruction of a welded structural assembly o1 If certain forces wer pphied to t member that 
even welded joints. The welded joints alive and un tresses became exat ¢ its prototype in the knee 
broken beside the ruptured parent material would def 
nitely eliminate all doubts and erroneous impr 
about welding. And those joints are perforce the criteria 
it upon which welded design is based and upon which 
welding specifications are based. This is something th , 1M 
designer should consider when he would compare welded 
with riveted joints. | 
\ — 
neil if —y wr" 
dX | KNEES , ‘ a 
m “ 
Functioning of Knees in Rigid Frame . ' AC he 
4 tresses within rigid frames must turn the corners at si la 
the knees. In order that a force change its direction, it P t 4 
must be acied upon by another force or forces with a f 
ber transverse direction. These transverse forces occur " noose : 
within knees in the form of radial stresses. The radial TT 
stresses combine with the circumferential stresses and ey wre + a oe 
curve the paths of stress around the knee rer 
1 The tension area of resistance sprawls out over most - , 
of the knee. The compression area of resistance has so Op, ’ 
mut h smaller space in which to perform even more wor! fe, aA << ae 
in consequence, the compression stresses become much f* - —— \ \ Ee 
greater than the tension stresses. Two different behavior fh R, 
patterns thus exist unlike each other and both different ef 4 
irom the normal : Mt -= 
An analysis of the stresses in a knee involves, ther vetf = l 
res lore, the analysis of two individual parts. And if you ' rie. ) 
consider them as separate bodies according each individ : 
ic € COMPRESSION ARTA OF RESISTANCE rig. t 


ual treatment, they will not be difficult to understand 
If the knees be weak, it might mean failure to your 


ARY 
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proper, those forces would appear as in Fig. 15A. The 
external forces x and y at ends of member would make for 
tension in the member. The external forces z along the 
cut edge (neutral axis of knee) would induce radial com- 


pression stresses in the member. The tension strains 
would be maximum at the flanges, diminishing to zero at 
the cut edge. 

On Fig. 15A have been shown the paths of stress. We 
know that the strains will cut the outer corner and pass 
through the web. It is obvious even to inspection that 
somewhere along plane )-), there would occur the maxi- 
mum tension. It is also obvious that along the path of 
stress, the compression normal to the path will be di- 
minishing from its maximum value which occurs some- 
where near the cut edge (neutral axis of knee). 

If you were to design a structural member acted on by 
forces indicated in Fig. 154A, you would probably provide 
one or more web stiffeners or make web thick enough 
to resist buckling without stiffeners. The simple picture 
you see of the stress behavior in this member is that ex- 
actly of its prototype in the full knee. 

Let us now examine Fig. 158, another view of member 
15A. Imagine, if you can, that each fiber within this 
member stood out to the naked eye in the manner in 
which it is stressed. Such a picture cannot be illustrated, 
so that for the purpose only of illustration we shall as- 
sume that the member had only eight fibers as shown. 

Fiber 1 would obviously get little or no tension but it 
would get a high radial compression. Fiber 3 would 
have far more tension but less radial compression. You 
will observe that fiber 3 continues down into the web, 
above it fiber 4 into the flanges. Fibers 5 to 7 similarly 
run into the flanges. The maximum flange stress conse- 
quently occurs between fibers 4 and 7. (Actually it oc- 
curs only in one of those fibers.) 

It must be remembered that these fibers do not repre- 
sent constant unit stresses around the member (or its 
prototype in knee). They are illustrated graphically to 
assist the reader to visualize just how the material must 
work to carry the stresses around a curve. 

Let us see if we can pick up similar points of maximum 
flange stress in some of the tested models. Note the 
bend points in the flanges in models L-2 and L-4. In 
radial planes along those bend points on these models 
occurs the maximum tension corresponding to that in 
fibers 4 to 7 in Fig. 15B. 

The compression at any point along the:cut edge (or 
neutral axis) equals the summation of the radial compres 
sion stresses in all fibers in radial plane through that 
point. 

If for Fig. 15B you visualized myriads of thin stranded 
wires replacing the eight steel fibers, those wires stayed 
laterally, you could imagine the wires bearing the maxi- 
mum tension strains bearing down and rolling over one 
another. They would of course be restrained in the 
flanges, in other words, find “anchorage” in flanges 
around points 6 and c. Some designers through a good 
sense of stress behavior intuitively place stiffeners along 
planes ab and ac, those stiffeners serving as ‘‘anchoring 
posts.’’ Others use plates there to stiffen web as shown 
in Fig. 21. 

With the maximum tension in the stranded wires ob- 
taining between points b and c, and with stress in each 
wire decreasing down toward the cut edge, can you now 
further imagine a condition where around center of cut 
edge, you might possibly have ‘‘slack wires?’’ By slack 
wires I mean only loose wires without anchorage subject 
only to compression. Such a condition actually occurs 
creating areas possessing no tension strains above the 
neutral axis in a knee. 

An effort has been made to focus attention to the criti- 


34 THE WELDING JOURNAL 


cal points of stress through an abbreviated illustration 
of the stress behavior. Knowing where the critical 
points of stress occur in any member is what makes for 
good design. It also insures safety to your structure 
If your computed stresses deviated 10% or even 20% 
from the true stresses based on the critical points of 
stress, they would make for a better and safer design 
than mere mathematical analyses of an inanimate body 
varying 5% from some hypothetical assumption. 

If you understand the above illustrations, you will 
understand the knee’s behavior above the neutral axis 


BEHAVIOR CHARACTERISTICS OF COMPRESSION 
RESISTANCE AREA 


Figure 15C represents only the compression area of 
resistance cut from the knee Fig. 15 along its neutral 
axis. Let us now concentrate on Fig. 15C as though it 
were an individual member. 

If certain forces were applied to this new member so 
that its stresses became exactly like its prototype in the 
knee proper, those forces would appear in magnitude 
and direction as iliustrated in Fig. 15C. The maximum 
stress would occur along the flange and it would decrease 
toward the cut edge or neutral axis. 

It is plain that the maximum compression would oc- 
cur in area ed and that it would extend in all directions in 
plane of member. Area ed therefore is the critical stress 
area in this member bearing concentrated stress. The 
intensity of concentration decreases with the increase in 
radius of the flange. 

At the ends of this member only one-way compression 
occurs. Those ends get no compression from the tension 
resistance area. 

Test model L-6 having no stiffener shows the failure 
effect of the stress concentrations. Test model L-7 with 
stiffener indicates the strengthening effect of the stiffener. 

For the purpose of determining the value and effect 
of stiffeners, test model L-9 was designed with thick web 
and thinner flanges, the section having the same moment 
of inertia as section in Model L-5. It took more steel 
and had less strength than L-5. 

Leaving the matter of stiffeners for a moment, con 
sider what you would do if you had to design a member 
as in Fig. 15C. The entire member is in compression. 
You would investigate and design it without trouble. 
Actually the picture is that of its prototype in a knee. 

You would quickly use web stiffeners between planes 
ab and ac or design web for its critical stress without 
stiffeners. You would automatically investigate un- 
supported width of flange in case you used no stiffeners 
and thicken it if necessary. 

Should you design web without stiffeners, about five 
eights of the web metal would be excessive in weight. 
When you stop to consider that the tension strains are 
much less than the compression strains in a knee and that 
the tension area of resistance is more extensive than the 
compression area, vou will realize at once your waste in 
web metal when you design the large web for the small 
critical area of concentrated stress. In a design of mag 
nitude, it runs up the tonnage. 


DESIGN OF KNEES IN WELDED RIGID FRAMES 


The above condensed notes on knee behavior focused 
attention only to the critical points of stress with which 
you are mainly concerned for practical design. A knee 
as in Fig. 15 was cut along its neutral axis after the knee 
had been subjected to stress. Forces were substituted on 
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the individual members that would result in the same 
strains in their prototypes in the knee proper. Observa 
tions were then taken on these separated bodies illus 
trated in Figs. 15A, 15B and 15C. Combining these ob- 
servations should give us a picture of the stress behavior 
in a complete knee. Let us summarize them in terms of 
fundamentals essential to good knee design 

[he maximum compression strains are much higher 
than the maximum tension strains. And they have much 
less living space than the tension strains in which to per- 
form even more work. The compression area of resis- 
tance must therefore be more heavily armored. 

lhe web around the center of the compression flange 
is stressed in all directions. That invites both buckling 
and crushing (see tested model L-6). Thickening the web 
here is one solution. But thickening a plate does not 
make it as good and economical a strut asa tee. Stiffen- 
ers in this highly compressed area make for greater 
strength and economy. They make tees of the web. 
Model L-7 with stiffener proved 60% 
model L-6, within the elastic limit. 

[his highly compressed area likewise makes for buck 
ling in compression flange. The flange can be thickened 

But web stiffeners, too, will effectively strengthen 
the flange. Web stiffeners will consequently serve both 
the web and the flange of the compression area for 
strength and economy. They should be welded to the 
compression flange. 

In the tension area of resistance the web can buckk 
from the radial stresses that cause compression. Web 
stiffeners will offset that. They need not be welded t 
the tension flanges unless flanges be very wid 

In brief, a good design would “‘heavy up”’ on the com 
pression area with greatest resistance in all direction 
around center of compression flange. The tension are: 
of resistance would be lighter. Your knee would then 
possess both strength and flexibility—all potentialities 
to dominate the frame. Dominance implies the ability 
of knee to disperse into its contiguous members excess 
stresses caused by extraneous forces. Such 
might result from uneven settlement, from side sway not 
assumed in design, from other causes. Effective toward 
insuring such dominance are web stiffeners. They mak: 
for an increase of from 20 to 60% in strength of kne« 
throughout its critical area by tapping the concentra 
tions and redistributing the stresses when the web ma 
terial reaches the stage near buckling. Where more than 
two pairs of stiffeners are used in knee, it is believed that 
short stiffeners above the compression flange would 
suffice to strengthen the heavily stressed concentration 
area. 

A good example of knees embodying the above desig 
principles is shown in photographs herewith of the new 
Main Avenue Bridge at Cleveland, designed in office of! 
Cuyahoga County Engineer John O. McWilliams, M1 
W. E. Blaser, County Bridge Engineer, Mr. Fred | 
Plummer Chief Design Engineer. Note the compressio: 
area of resistance much heavier in the web than the ten 
sion area of resistance. Note the shorter stiffeners t 
reinforce this compression area. Plainly th 
gave consideration to the stress behavior in the knees 
This structure marks a new step forward for better design 
of welded rigid frames even though you might question 
the large number of stiffeners used. 

At the beginning of this paper, Figs. 15 to 19 were 
mentioned as being typical of most knees. The be 
havior pattern in Fig. 15 varies in the other types only t 
the extent that you either relieve or intensify the conce: 


Stronger than 


here 


J 


stresses 


designers 


A knee as in Fig. 17 with shar] 
velop high stress concentrations and 
there (see models L-2 and L-5 

A knee as in Fig. 18 with stiffer: 
and economy throughout frame 

In type shown in Fig. 19, the highest 
Beyond this critical point, the flange 
»a knee of this 
design buckle 


Reinforcing the 


will ck 


ner corner! 
must have stiffeners 





1ers makes for strength 
stresses occur at 
the inner corner 
and web stresses diminish rapidly 
type is used, it would not be economical to 


or beam for this critical flange stress 


critical areas of the flanges and the web would be least 
costly. In this type of knee, web would tend to buckle 
as in Fig. 20 in a diagonal plan Che outside flanges 
alone counteract that The compression flanges just 


beyond the inner sharp corner (point of restraint) also 
tend to buckle due to unsupported width Che question 
asked, ‘““Why can’t you just cut off the corner since it 
bears no stress?”’ can now be d If you cut off 
that corner, you lose the web stiffening values that the 


continuous outside flange provides. Rounding off the 


answer;re 


corner will not decrease strength of knee but the flange 
should be continuous. 
Let us now look at Fig. 21, illustrating a knee that has 


been used in some designs. The web reinforcing plates 
placed about as shown are effective for redistribution of 
stresses throughout the kne« If you | at Figs. 
15B and 15C, you will observe that those plates follow 
closely planes ad and ac which for lack of other expression 
[I have termed anchorage planes for the maximum ten 


ook back 


sion strains. Use of such plates indicates that con 
sideration has been given to the stress behavior in knees 
But they are less effective than stiffeners Neither do 
they serve toward dominance and flexibility in the knees 
as the metal in the Cleveland Bridge mentioned here 
with. 

In rigid frames for building truts should be provided 
between bents at knees and at ridges Eave struts 
should not be considered as replacing knee struts be- 


tween bents. Stiffeners may be omitted in knees if ends 
of struts are designed to replace them 

Wherever rigid 
restrained by concret« 
ways, the concrete 


( omposite unit 


frame bents art losely 


sp ict d and 


as in bridges, underpasses or sub 


and steel can safely be designed as a 
Experience proves that you may 

the unit stresses in the steel 20° provided the 
follows the structural behavior pattern. For 
knees in this type of composite desig hort reinforcing 
bars placed in concrete in corner knees and straight rein 
forcing bars in c l l of t flat 


safely 
increas¢ 


design 


mcrete at level ol p Nange ol multiple 

spans combine to make the st1 est and most econom1 
cal type of structural welded fram: 

A few words in conclusion o1 me questions pertain 
ing to design procedure 

When you start the design of rigid frame with an 
issumption (no one can do otherwise) and you end up 
only with a mathematical conclu what performance 
can you legally expect of a rigid fram 

Your rigid frame isali t] ind like a | £ 
thing it is always stressed, it never inert Your design 
then should be based on a frame alive with stresses, on 
its actual behavior | mi that experience should 
govern in the final design. Consideration of its behavior 
factors will make for the greatest simplicit nd safety 


trations Thanks are hereby expresssed to John Wm. Morgan, 
Figure 16 develops lesser concentration of compres Registered Engineer, Pitt h, I for | nstructive 

Stress than Fig. 15, and the least of the types illustrated criticism and valuable assistat n the stre inaly 
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THE FABRICATION OF 


By J. F. BECHTLE 





Large Diameter Pressure Vessels 


HE fabrication of large diameter pressure vessels 

I is a highly specialized industry, in which there are 
relatively few organizations engaged today. The 
reason for this is that the manufacture of such vessels 
necessitates the use of certain massive highly specialized 
equipment such as bending rolls, furnaces, welding trucks, 
shop space, etc., which the ordinary boiler shop finds 
itself without. It may be of interest to mention that 
the number of these vessels made each year is increasing. 
A definition of the term 
Vessel” is in order. 


‘‘Large Diameter Pressure 
Any such definition is, of course, 
arbitrary, but it may be considered that a large diameter 
vessel is one over 10 feet 1m diameter. For the purpose 
of this discussion, the terms ‘‘thick wall’ and ‘‘thin wall” 
will also be defined. It is assumed that thicknesses of 
2'/2 inches and over are considered thick wall and con- 
trarily less than 2'/» inches of thickness will be considered 
thin wall. 

It is characteristic of humans that soon after the intro- 
duction of a new type of product, that object is soon 
accepted ascommonplace. This is true of large diameter 
vessels. Such equipment has been available for perhaps 
only the past six or seven years and already today the 
ultimate user considers them in the same category as 
the smaller diameter vessels. This has not always been 
the case. Until the middle of the last decade, the pres- 
sure vessel user was limited to vessels less than 10 feet 
in diameter and these were of seamless forged and forged 
welded construction. Perhaps the chief reason for this 
is that the needs of the industry did not require vessels 
of greater size. This fact remains, at least, that the 
large diameter pressure vessel, as defined in this discus 
sion, is a relatively new type of construction. The 
important réle played by welding has been mentioned so 
often that it is needless to dwell on it further here. 

The need for large diameter vessels has been dictated 
primarily by the petroleum industry, in which it has 
been continually necessary to produce greater quantities 
of gasoline and allied products. It may be said that the 
oil refiners are always confronted with two main prob- 
lems: 


1. How to increase the daily output to satisfy the 
increasing demands for gasoline. 

2. How to increase the yield of the materials being 
treated to produce gasoline. 


It is well known that a method for producing gasoline 
is the cracking process, in which temperature and pres- 
sure play important réles. The first of the problems 
mentioned above has been found to be best solved by 
increasing the amount of crude oil being treated. How- 
ever, the solution of the second problem—that of in- 
creasing the yield—is best solved by increase in tem- 
perature and pressure, which increases the yield and 
improves the quality of the gasoline. The oil refiner 
thus found himself in need of, first, considerably larger 
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size vessels than were available heretofore, to produc 
greater quantities, and, second, equipment to withstan 
higher temperature and pressure to produce higher yields 
The result was that the refiners found that their new 
needs could be satisfied only by relatively few fabricators 
who had available the necessary equipment, or coul 
afford to spend large sums of money to install heavy 
machinery bending rolls, furnaces, welding 
trucks, etc., to handle vessels in the neighborhood 

250 tons and X-ray equipment capable of producin 
ex-ographs, which expose defects within 2% of 
thickness in the neighborhood of 4 inches. 

This discussion will apply, in general, to both thick 
and thin-wall large diameter vessels, but will treat 
especially the thin-wall vessel, because of the greater 
difficulties of fabricating these structures. This is du 
primarily to the fact that the thin-wall structures ar 
not stiff enough to be self-supporting during certair 
stages of fabrication. 


such as 


a shel 


There is no reason why any composition suitable { 
the smaller diameter vessel should not be satisfactory 
for the larger ones. Accordingly, the common materials 
used are the plain carbon steels such as the A. S. T. M 
A-70, A-149, etc., also carbon molybdenum steel to A.S 
T. M. A-204 and allied specifications. It is, of cours 
necessary to cast very large ingots to produce the larg« 
plates necessary, if it is desired to hold the number oi 
welded seams toa minimum. However, the sections can 
be made from properly welded small plates. The latter, 
of course, increases costs but must be resorted 
occasion. 

There are practically no difficulties encountered in the 
forming, bending or rolling of thin-wall large diameter 
vessels, as compared with those encountered in smaller 
ones, except during the bending of thin-wall large 
diameter shell sections. For such structures, the plate 
must be guided, after it passes through the rolls on either 
side, in order to prevent longitudinal kinks from being 
formed, when the weight of the plate reaches a point 
where the material is not self-supporting. These kinks 
are often very difficult to iron or roll out and they may 


to on 





Fig. 1—A Shell Section Being Hot-Rolled After Welding, in Order to 
eet Out-of-Round Tolerances 
This operation, in effect, also stress-relieves the straight weld for further fabricatior 
which is helpful in cold weather, particularly on thick-wall sections 
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rd Fig. 2—A Cone for a 16-Foot Diameter Vessel After Slotting and Crimping Fig. 3—Cone After Welding of Slots in Kz kle Radius and Attachment 
to Form the Knuckle Radius of 72-Inch I.D. Nozzle Openir 
shell odd rt to forming this knuckle by pre 
of t Note the neat contour of the knuckle L 
hic i be the source of other difficulties further on in fabrication pipe, cut so as to be placed act the diameter of the 
ore of the vessel, such as the making-up or rigging of internal shell and welded on either side of the seam to be welded 
— or external rings, baffles, pans, etc. To prevent these After completion of straight seam welding, these stiff 
du kinks, it is advisable to provide suitable rollers or guides, eners are removed t permit rolling or rounding-up of 
Seay adjusted so as to offer support to the material being each section. It is not customary to use stiffener 
real formed This 1s easily accomplished by attaching this type for small diameter , 
specially built rollers on the arm of a charging or peel As the next step, these sections are ready for assembly 
Ae crane. Such cranes are considered common equipment for girth welding or installation of internal and external 
mor in pressure vessel shops for loading or unloading shell parts, depending on the size of the vessel. In most cast 
aaa plates or rolled sections in or out of furnaces used for it is advisable to install temporary stiffening rings, usual! 
~ heating these parts. Small diameter sections are usually made up of plate maferial cut to fit the inside of th 
ad self-supporting and, therefore, do not require the careful shell section and bolted together, to permit disassembls 
_— handling just mentioned. and removal through manhole openin, f necessary 
posh lo support the individual sections of thin-wall larg: rhese rings are best located near « end of the section 
oles diameter vessels for straight welding, it is customary to and perhaps one or two | { ve the end rings for 
) Sa provide stiffeners, usually made from 3-inch or 4-inch added stiffness 
ser, Phe rotating rollers used during the making of girth 
» OE welds have been found to caus« ecking-in” of the 
shell in a circular direction in the nity of these roller 
| the but this can be prevented by installing temporary internal 
eter stiffening rings. This is a common occurrence when the 
aller vessel is large in diameter and thin-walled together with 
arge the added weight of manholk les, internal pan 
late 
etc. 
ther If this ‘‘necking-in ecurs at r close to, a welded 
cing internal member, it may be the cause of cracked welds or 
oint 
inks 
may 
4 
: , 
q 
a ‘, SE i 
r to { Fig. 4—A 16-Foot Diameter Top Head, Having Been Rigged to Shell 
: Section Prior to Welding Fig. 5—The Last Circular Weld Being Made in a 16-Foot Coke Drum 
stior ; This head is made from two pletes welded and X-rayed in our shop while in flat plet n the background shows a single sect , in ane 
= form, and returned to the mill for forming welded in place 
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Fig. 6—A 16-Foot Diameter Cone Girth Seam Being Locally Stress- 
Relieved 


This furnace can be enlarged to accommodate « 20-foot diameter vessel 


Fig. 8A 12-Foot Diameter Tower 80 Feet Long, the Entire Internal 
Surface of Which Is Completely Lined with a Corrosion-Resistant Alloy 
Material 


distorted parts. These parts can be straightened and 
repaired, but it is very difficult to remove the shell dis- 
tortion called ‘‘necking-in’’ and might be the cause for 
rejection of the vessel. 

Now we are ready for “‘Stress Relieving.’’ Due to the 
loss in rigidity of the material at the stress-relieving 
temperature, which is approximately 1200 degrees 
Fahrenheit, these internal stiffening rings should be left 
in place, in order to combat the tendency to sag. It is 
not customary to use stiffening rings in small diameter 
vessels during stress relieving, as these structures are 
generally self-supporting. 

During the hydrostatic testing operation, it is ad 
visable to adequately support the vessel, not only with 
internal rings, but also with suitable timbers or supports 
externally, together with saddles or chocks shaped to the 
outside contour of the vessel. 

Let us consider a vessel 13 feet 6 inches in diameter by 
18/16 inches thick x 120 feet long. This vessel, when 
filled with water for hydrostatic testing, would weigh 
approximately 1,735,000 lb. This weight, if supported 
by only two or three timbers, would, no doubt, flatten 
at the location of each support, which again might result 
in many difficulties such as distorted members, cracked 
welds, etc., which would be difficult to straighten out 
satisfactorily. 

For small diameter vessels, it is not necessary to use as 
many supports as for large diameter ones. 

It is also advisable to leave these stiffening rings in 
place while X-raying, as it is necessary to rotate the 
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Fig. 7—A 15-Foot Diameter Vessel Having the Last Girth Seam Riggs, 
Prior to Welding 
Note that there are seven sets of rollers (two rollers per set) used to support the 
during welding, in spite of the fact that the vessel is 25/16 inches thick. In ad 
there are a number of temporary stiffening rings assembled on the inside, installed fo, 
fabrication only 


Fig. 9A 13-Foot 6-Inch Diameter Vessel 1'/:-Imches Thick x 125-Feet 
0-Inch Over-All Length, Being Rigged for the Last Girth Weld 


vessel during this operation, which would tend to caus 
‘“necking-in,’’ as described above. 

Some of the special considerations necessary in the 
fabrication of large diameter pressure vessels are as 
follows 

1. Source of supply for formed heads, cone pieces, 
etc. Not every steel mill is equipped to furnish heads 
over 12 feet in diameter and, therefore, it might be neces- 
sary to purchase the larger diameter heads from the very 
few sources available. A check must be made with the 
railroad authorities for clearances. Quite frequently 
the large diameter heads require flat circle sizes larger 
than can be produced from a single plate; therefore, it 
is necessary to ship two rectangular plates to the fabri 
tor of the vessel or some other qualified welding company 
having the necessary equipment, such as welding and 
X-ray machines, etc. The dat plates are welded, X 
rayed and gas-cut to the proper circle size. In somé 
instances, before returning the flat circles to the mill for 
the forming operation, it is necessary to flange down th« 
edge to form a smaller circle, in order to allow proper 
railroad clearances. 

2. Crane capacity in fabricator’s shop must be cor 
sidered, as generally large diameter vessels having the 
usual number of external and internal miscellaneous 
parts weigh considerably more than the average weight 
of smaller diameter vessels and might easily exceed 
the safe lifting capacity of such equipment. 

3. Furnace capacity for the various heating oper 
tions, such as heat to bend, heat to roll and stress r 
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Fig. 10—Vessel Completely Fabricated 





ve was shipped to Beaumont, Texas, vie al! ra Note that al! shell con 
“ < are located in one quadrant of the shell, in order to clear certain fixed obstacles 
con te to Texas. Note also the number of rotating rollers used to prevent disto 2 
re nd cracking o ‘internal welds This vessel t ad numerous temporary inte 
stiffening rings installed for all fabricating operations me were removed throug 
e openings, after this vessel wes securely blocked on the freight cars evera 
nas were left in place in the vicinity of the freight car t king to be removed 
eld 
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Fig. 1l—Another 13-Foot 6-Inch Diameter Vessel with Sixteen 10-Inch 
Nozzle Connections in Top Head 


txtreme care had to be exercised to prevent distortion of the head during the welding 

= Of these nozzles After the nozzles were completely welded to the head. the mplete 

hee mbly was placed in a furnace and stress-relieved, prior to welding to the shel 

se r This precaution is taken to prevent cracking around the nozzle necks after 
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Flame Hardening of 
Way Surtaces of 
Machine Tools 


By F. C. DULL? 


NY development that reduces wear of sliding wa) 

surfaces of machine tools to such a revolutionary 

extent as does flame hardening—such a develop 
ment is a matter of great importance to industry. 

Wear of the way surfaces of machine tools has natur 
ally always been a problem in manufacturing plants from 
the earliest days of machinery history. The cost t 
it dustry of wearing and scoring and galling of w ay sur 
laces in the life of equipment, rejected products, and the 
general inefficiency that results has added up to un 
countable miilions of dollars. 

_ The significant thing is that the problem is becoming 
increasingly serious and that its relative cost is growing 
ae presented at Annual Meeting, A. W. S., Chicago, Oct 
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lieving, must be considered bef 
started. 
4. In 


some cases, rem 


re actual fabrication is 


large diameter vessels 


irom the fabricator’s sh p may prove difficult, if not 
checked beforehand 

®. J ransportation.—Another serious problem presents 
itself in the transportati the vessels from the 
manufacturer to the site of erectio1 It all-rail ship 
ments are considered, it is necessary that a careful 
check be made with the railroad authorities involved, 
to ascertain if any obstacles prevail It is often neces 
sary to remove telegraph pol tracks to clear fixed 
structures, sink tracks to clear bridges, et If shipment 
in this manner is impractical or impossible, rail and water 
shipments are often considered. Here, again, a thorough 
check must be made with the railroad authorities Iwo 
years ago we were conironted with the problem of 
shipping several 16-foot diameter vessels to Whiting, 
Indiana. After a complete chec! to the best means 
of transportation, we were forced to accept the only 
practical way, namely, by transporting the vessels by 
rail to the waterfront, where they were placed in New 


York Bay, and then towed by tugboat: 


River, through the Eri« 
River, Lake St. Claire, St. Clai 
Lake Michigan and finally to W1 


Such special considerations 


sion, are not associated with 
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Huron, 
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uting, Indiana 
listed in this discus 
maller diameter vessels 


except on extraordinary occasion 


In summing up, it may be s: 
involved between the 
pressure vessels as 
for adequate support fo the sect 
together with large furnaces, s] 


In conclusion, it may also be 
of these vessels is limited in size, 
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elements completely destroys the machine’s original 
accuracy and efficiency. 

Many attempts at solving the problems have been 
made or tried. At first, the iron along the way sections 
was cast against a chill, but chilling introduced and set 
up internal strains. The low-strength, open-grained 
iron which was used (because chilled, close-grained iron 
was not machinable) was not uniformly hard in the 
finished way section 

Most of you are familiar with a later attempt to pro- 
vide against wear. I refer to the hardened and ground 
steel wear strips. These have proved reasonably satis- 
factory. However, the many drilled holes in the bed 
way section necessary for attaching the wear strips cer- 
tainly reduce the strength of the bed and regardless of 
how well they are attached there is the threat of the hold- 
down screws getting loose. 

You men in the welding industry are undoubtedly 
interested in the attempts at making entire beds of welded 
steel construction. You know and we know there are 
many advantages to an all-welded design. It is my 
belief that most machine tool builders have found, at 
least at this stage of its development, that all-welded 
steel construction is too expensive. It must also be 
stated that the all-steel base has no appreciable gain in 
increased life. This at any rate is true as it relates to 
lathe beds since the ways of the welded bed must still be 
hardened. Since machine tool bases are usually so 
hard and irregular in shape and section, heat treating 
and quenching them in their entirety is out of the ques- 
tion. 

I do not mean to imply that all these various measures 
have been completely ineffective—instead they represent 
definite progress in the right direction and have been most 
effective and practical in the processing of many parts. 

About five years ago we at Monarch began experi- 
menting with flame hardening. The first attempts were 
immediately promising although we were not without 
difficulties. 

The first problem, and the one which critics of the idea 
insisted would make flame hardening impractical for 
lathes used for extremely accurate work, was that of 
distortion. Another problem was to get the required 
hardness without any possibility of the hardened layer 
cracking or spalling away from the unhardened metal 
beneath. With these difficulties solved there still re- 
mained the problem of grinding the long vee and flat 
way surfaces to the extreme tolerances required. 

After 3'/. years of experimenting and testing these 
and numerous other difficulties were solved. At this 
time the special equipment required was designed and 
perfected, and the production of flame-hardened lathe 
beds is now a standard practice at the Monarch plant. 
Lathe beds weighing as much as 7'/2 tons have been flame 
hardened with ways unmachinably hard and finished to 
a tolerance of 0.0005 inch. A test machine running day 
and night in our plant for almost 20 months shows no 
evidence of score or spalls or even scratches on the way 
surfaces. Another lathe, the bed of which is flame 
hardened, has been in use under actual operating condi- 
tions for almost four years. This has been subject to 
frequent test and today has the same accuracy and is 
otherwise in the same perfect condition as it was the day 
it was placed in service. 

A composition of Monarch lathe beds is specified to 
run as follows: 


Maximum Minimum : : ae 
ar 2 Yy ‘ oO such a way that again normal operating conditions ar« 
Total carbon 3.20% 2.80% , P , as ~ “44: > ak t " 
Coushined carbon 0.75 0 BS duplicated. After almost 15 million pass, the unhard 
Silicon 2.00 1.70 ened bed is badly scored and shows no wear whatsoever 
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Manganese 1.00 0.70 
Nickel 1.50 1.00 
Phosphorus 0.15 1.00 
Sulphur 0.10 1.00 
Chromium or molybdenum 0.25 1.00 


The mix to the cupola consists of 50 to 65% stee! 
railroad rails and the balance pig iron of high grade as 
needed to bring the amounts as indicated. The varia 
tion in the percentage of steel is related to the size of the 
metal structure. The iron thus produced is composed of 
a fully pearlitic matrix, similar to that in high-grad 
hard steel. Like steel, this iron responds to heat treat- 
ment. 

We have found that the lower the hardening tempera 
ture the less will be the distortion during flame hardening 
Since the amount of heat applied to the surface must be 
controlled to prevent fusing or burning a low-hardening 
temperature is obviously desirable. A lower heating 
temperature has a generally milder action and a more 
gradual blending with the under body, resulting in a mor 
evenly hardened surface. Castings of the compositio: 
described above respond to heat treatment and can b 
fully hardened from a low temperature of about 1320° F 

We are able to produce castings capable of being flame 
hardened to the desired depth without heat checking 
and we are also able to get a hard wear-resisting surfac 
with a minimum of distortion. 

Beds are flame hardened in a specially designed water 
tank. They are submerged or immersed in a continu 
ously circulated water with only the surfaces to be 
treated exposed. Since the bed construction of Moi 
arch Lathes includes 2 vees and 2 flats six oxyacetylen 
torches or tips are used. In this way we treat both 
sides of both vees and both flats at one pass. Th« 
quenching is accomplished by means of water passing 
through the tips located at a fixed dimension in back oi 
the flame. , 

The carrier supporting the tips moves lengthwise over 
the tank at a predetermined rate of travel depending 
upon the size of the bed being hardened and the depth o! 
hard surface desired. Some variables which had to be 
worked out by experience are as follows: first, the dis 
tance of the flame from the surface to be treated; second, 
the volume of the flame; third, the distance the water 
quench is in back of the flame as well as the volume ot 
water; and fourth, the rate of travel of the flame. 

For all beds in lathe sizes from 12 inches on up, a 
minimum depth of hardness of '/s inch is standard. 

By localizing the heat at the burners and by means 01 
a circulating water bath, and quenching with the proper 
water pressure, distortion is held to a minimum. The 
average distortion in a bed of comparatively small 
structure and as long as 8'/» feet, hardened to a depth 
of from '/s minimum to '/, inch maximum, is approx! 
mately 0.008 inch. This distortion is of course elimi 
nated in the grinding and the final tolerance is 0.0005 
inch or less in the over-all length. 

Of all the tests that have been made probably the best 
is the one to which we have already referred. This is th 
unit consisting of two lathe beds, the one unhardened 
the other with flame-hardened ways. Each lathe car 
riage is loaded with a 500-Ib. weight subjecting the bear 
ing surfaces to what would be normal operating pres 
sures. A crank arrangement operated by an electri 
motor causes the carriages to move a distance of one foot 
every three seconds. As stated above cast-iron dust 
filings are automatically fed to the bearing surfaces 1 
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he most conclusive proof of practicability of the flame 


| 

hardened lathe bed is the universal satisfaction as re 

ported by upward on one thousand users of the flam« 

hardened development. 

lo further prove that the hatdened surface is firmly 
ied into the base metal hundreds of test sections have 
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wulic pressure and various impacts. In every case 


™ been subjected to many tests including flexing under 


: Air Circuit Breakers For 
Resistance Welding 
Machines 


By WAYMAN A. HOLLAND* 


DEVICE to provide proper protection for resistance 
welding machine circuits must have special char- 
acteristics. It must allow normal heavy welding 
inrush currents to pass unnoticed, yet must instantly 
interrupt damaging overcurrents or short circuits and 
then be capable of being quickly reclosed to restore the 
supply power. An air circuit breaker such as described 
here meets these requirements. 
A typical breaker is illustrated in Fig. 1 rhis is a 
compact, instantaneous, automatic overcurrent air cir 
cuit breaker with high-speed and high interrupting capac 


ik 


ear Division, General Electric Company 
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on i—Instantaneous Air Circuit Breaker, Double-Pole Manually- 
perated, for Resistance-Welder Protection with Pull-Box (Cover 
Removed) 





pressures had to be increased to the point where the 
piece itself would fail before spalling took plac 

Just as welding has brought t ndustry enormou 
savings possible through 1 ther medium, so we at 
Monarch who undertook to pioneer the new method ol 
making lathe beds resistant to wear, | w that this 
development will have far-rea ffects throughout 


industry 





Fig. 2—Push Button Control of Electrically-Operated Air Circuit 
Breaker for Protection of Resistance Welding Machines 


ity It is equipped with are quenchers consisting of 
arrangement of metal pitfs within an arc chute above the 
arcing contacts of the breaker. The arc is confined 
within this chute, and is split up by the pins and cooled, 
so that the arc energy is rapidly absorbed, resulting in 
extremely quick interruption, of the order of less than 
one cycle (0.016 second \n instantaneous magnets 
tripping device causes the breaker to open and thus 
clear the circuit before the high currents « damage the 
equipment. This consists of an electromagnetic ci 
cuit actuating an armature to give a hammer blow to the 
tripping lever when the current reac] the value for 
which the setting is made o libration plate 
rhis tripping is made instantan is to clear the 
circuit as quickly as possible when dangerous overcur 
rents occur, vet the setting is ich that normal] heavy 
currents will not cause its operati 

lhe breaker is made in single-pole or double-pole units, 
manually or electrically operated, enclosed metal 


housing, with pull-box, for machine or any flat surface 
mounting, or arranged for live-front or dead-front switch 


board mounting Electrically operat 1 breaker ire 
used when it is desired to close, or to open, the breaker 
by means of a convenient pushbutton switch on the 
welding machine, or other place, remote from the breaker 
see illustration, Fig. 2 [rip attachments can be pro 
vided for opening the breaker from an emergency but 
ton, or from other devices for trippi uch as at time 
of ‘‘no water flow” in the tra rmet Itage below 
normal, faulty timing, or when other a rmal condi 
tions prevail 

These breakers are particular ippropriate for the 
protection of welding machines equipped with thryatro 
or ignitron control Iwo tubes mu d with eacl 
circuit, connected in parallel, to serve as a single-pole 
device because each tube conduct urrent only one d 
rection and under normal conditions t e provide ab 
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Fig. 3—Maximum Loading Curves in ‘‘During-Weld'’ Amperes, for 
Air Circuit Breaker Resistance-Welder Protection 


solutely uniform current control. Failure of one tube to 
function properly causes instantaneous transient high- 
current with high d. c. components. These may cause 
damage not only to the remaining tube, but also to the 
transformer, and cause defective welds, with consequent 
shutdown and loss of production, as well as other losses. 
Failure of a power tube to function properly should, 
therefore, be indicated immediately. The air circuit 
breaker, with its instantaneous trip, will show the tube 
failure by opening the power circuit. A fuse or a thermal 
device may fail to open under these transient conditions 
because the sustained effects may not last long enough 
to operate them. 


CHOICE OF BREAKER 


It is of course essential that the breaker chosen have 
adequate interrupting capacity, and this is dependent 
largely upon the capacity of the transformers, or other 
sources, supplying the power. Breakers are available 
with interrupting ratings of 10,000, 20,000 and 40,000 
amperes. 

Breakers for welding machines must be appled in 
accordance with the duty-cycle requirements of the 
machine or welding operation. The duty-cycle is de- 
fined as the percentage of time the current flows each 
minute. 
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The curves in Fig. 3 show the maximum “‘during-weld 
amperes’ for four different sizes of breakers and thy 
curves in Fig. 4 show the “‘during-weld amperes”’ tra 
lated into ‘‘during-weld kva.”’ at 440 volts. The cur 
are given both in amperes and kva. for convenience 
application, depending on whether amperes or kva. ar 
specified in the requirements. 

The selection of the proper size breaker is readil 
made from these curves, the size to use being the « 
whose maximum load curve is just above the great 
during-weld load at the duty-cycle value for the par 
ticular application. 

As an example assume a “‘during-weld load” of 60) 
kva., 440 volts, 0.15 duty-cycle. 

From Fig. 4 it is seen that the breaker No. 1, for dut 
cycle 0.15, is good for only 300 kva. and therefore it is not 
adequate, but that the No. 2 is good for almost 800 kva 
This is well above the requirements and, provided that 
this breaker has adequate interrupting capacity to meet 
the requirements of the system, is the one to use. If the 
duty cycle had been, say, 0.40 instead of 0.15, it is see 
that a breaker No. 3 would be required because at 0.4() 
duty-cycle the breaker No. 2 is good for only 500 kva. 

Thus by the use of air circuit breakers, with especiall\ 
designed instantaneous trip arrangements, discriminating 
between normally heavy during-weld currents and short 
circuit currents, proper protection is afforded resistanc: 
welding machines, with efficient operation and without 
undue service interruptions. 
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Fig. 4—Maximum Loading Curve in ‘‘During-Weld"’ Kva. at 440 
Volts, for Air Circuit Breakers for Resistance Protection 
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PRODUCTION BRAZING and WELDING 





By L. AYERS 


ODERN firms, with their diversities 
tion, require tools capable of meeting demands for 
design changes at low cost a1 

f production. 
Welding apparatus has played a very 
the meeting of this requirement 
In the manufacture of our lubrication equipment, de 
signs have been achieved that would be impractical, if not 
with any other method than welding 
might be well to say here that time did not permit 
making of illustrations of the equipment covered by 
paper 
In the experimental sheet metal division of our com 
pany, we are able to lay out the component parts of our 
lubricating and refrigeration cabinets by triangulation, 
forming them into graceful, flowing lines by hand or hand 
operated machines, then joining the parts or sections by 
xyacetylene welding, thus saving the cost of expensiv: 
experimental dies, enabling the use of streamline 
h no projections of rivets, bolt heads or seams 
rhe production of air domes for our motor oil dispens 
s requires a unit capable of operating at an internal air 
pressure of 300 pounds per square inch 
[hese domes consist of a heavy steel base and a steel 
2 inches in diameter, having a wall thickness 
sixty-two thousandths of an inch. 
lhe top of the base is machined and inserted in th 
en end of the cylinder, with two thousandths of an incl 
allowed between the outside 
ise and the inner wall of the cylindet 
A wire ring insert of Easy Flo brazing alloy, melting at 
‘> F., is fluxed and preplaced in a groove provided it 
he base prior to assembly with the cylinder 
Che brazing alloy ring is made from 
rmed into rings by a coil-winding machine 
[he assembled unit is heated around the bas 
xyacetylene flame to a temperature required t 
nserted alloy 
rhe unit is then filled with oil and must 
maximum oil-pressure test of 1000 Ib. internally, after 
vhich it is tested for air leak at 250 Ib. air pressure 
Un an experimental test of one of these units, the ur 
was placed inside of a safety cage and tested at 
nternal oil pressure at which 
vlinder walls occurred. 
\n examination of the unit following this test disclose 
sign of failure in the brazed joint 
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mpossible, 


desig 


wilt 


vlinder, 


learance diameter of thi 


inch w 


with a 
melt the 


withstand i 
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pressure bulging of th 


\s the operating pressure of the unit is only 300 Ib. ai 
ressure, we are assured of a safetv factor of at least 9 1 
Un our hand pumps for industrial machine lubrica 

| . ‘ 
all pressure tank connections are brazed with the 
same brazing alloy to ensure permanently tight and 


treet 


mg joints. 


VWhal - . 7 
Whue our concern makes use of almost every type of 
ed at Annual Meeting. A.  W 
va Wa r ) hicago, Illinoi 


of Light Gage Materials 


welding, such as butt, fla projection, meta 
irc, oxvacetvlene brazing and w gy, the low-tempera 
ture brazing materials are used in the production of a 
great number of items due to the high strengths obtained 
and the low heats required, thus lessening distort of the 
part and subsequent machining of the finished assembl 


Our lubricant flow meters, consistit f the hand 
meter, the barrel pump 
meter, were formerly of die-castu r constructi 
units 
welded and brazed assembly, 

Higher operating 
formerly obtained 

Changes in design can 


meter and the drum pump 
acute ntl ater " : 
L hese were recently redesigned 1 
with the foll 


pressur©re Wert > 


now ve mad 
ing requirements of industry at 
time 

A greater strength in the 1 
is resistant to the rough handlu 


S 


are often subjected 
Maintenance costs have be: isiderably lk 
und repairs to damagedequipment the field have bee 
simplified 
Production 
Che cylinder of the 
steel tubing, 3 


costs have been red d slightly 
present meter gun is a seaml 
inches long and itsice 
with a wall thickness of 0.120 inch 


meter 


A clip assembly is spot welded to the vlinder, after 


ry! 
I 


which the outlet disk is firmly rivet 


wall of the cylinder 


Che disk is then 


utsice 
brazed by mea la preplact 1 brag 
and the 
(he mechanism-supporting bracket pot weld 


uligning rivet removed 


washer insert, 


he regulator body after which the b ng blanl 
talled in the body and stak« nto pl 
Che bracket an 


regulator body by means of a prepla brazing insert 


brazing insert 
Che nex 


mechanism lhe cap and adapter ring are brazed | 


t operation 1s the installatior t the 1 I 


gether and are then install 


bronze rod 
Many other applicati 
retrigerators, radio 1ut iCce ri emite equip 
ment might be discussed, and ne 
ustantly developed, but the short tin for t 
preparation of thi 
mpile the required data nec« 
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jUnder the Bureau of Yards and Docks 


a COMMANDER C. A. TREXEL (CEC) U.S. N 
4 
THE BUREAU OF YARDS AND DOCKS, 
2 AND ITS ACTIVITIES 
HE Navy consists of ships, and when the averags 
4 American speaks of the Navy, he visualizes battle 
ships, aircraft carriers, cruisers, destroyers and 
© submarines. But the Navy also includes a shore estab 


Slishment. Aside from men, the main components of a 
® Navy are in fact ships including aircraft, and their bases 
4 The ‘importance of bases to a fleet is sometimes over 
Slooked, yet a Navy of ships without bases at their 
Fdisposal would become impotent Without facili 
ties to replenish fuel and supplies and to obtain needed 
repairs to hull and machinery and cleaning of bottoms, 
Sships would soon become immobile, and in time would 
stranded and sunk. It is the naval bases and ac- 
mcessory facilities of the Naval Shore Establishment 
§ which make the fleet effective and which, by multiplying 
the number and power of usable ships, are themselves 
Sthe equivalent of ships. As Captain Dudley W. Knox, 
feminent retired naval officer, historian and analyst has 


» Said 


& be 


[he ships with bases at their disposal are the ships 
s that count.” 

he Naval Shore Establishment is an active business 
organization representing an investment of one billion 
dollars and comprising a large number and variety of 
activities. It includes Navy Yards, submarine, de 
® stroyer and air bases, supply fuel and ordnance depots, 
*gun and powder factories, radio stations, research and 
= experimental laboratories, training stations, naval hos 
[pitals and the fine educational equipment for training 


* Presented at Annual Meeting, A. W. S., Chicago, Oct. 23 to 27, 1939 
rhe opinions or assertions contained herein are the private ones of the 
riter and are not to be construed as official or reflecting the views of the 


“ 
Navy Department or the Navy Service at large 


Fig. 1—General View Air Station, 


Sunnyvale, Cal.. 


Navy Department 


midshipme n and dev eloping LI1N¢ theers at the I 5 
Naval Academy at Annapo a Md \t the present time 
this shore establishment is being augmented by the 
struction new outlying air bases to give 
of unfriendly approach toward our contit 
enificant recog 
f aircraft 


COT) 


of seven warning 


ental shores 


a SI mition of the growing power and range 


rhe design and construction of the stations comprising 
this vast and far flung shore establishment which ex 


tends from the Panama Can 
the Carribean to Hawaii, the Philippin d China, are 
the primary concern and responsibility of the Bureau of 
Yards and Docks. The Bureau of Yards and Docks 
charged by statute and by Departmental regulations with 
the design and construction of all public works and publi 
utilities of the Navy and with making necessary pro 
vision for expansion and the establishme 

in time of war. The designs for the di 
required at these Naval Bases ar 


al Zone to Alaska, and from 


nt of new station 
ersified structure: 
pre pared by thi: 


Bureau and the work in ghe field is carried out under the 
direction of the officers of the Civil Engineet Corps 
U.S. Navy, who constitute its Administrative Stafl 


DEVELOPMENT OF WELDING IN THE NAVY 


There are many structures at th 
the Naval Shore Establishment, 
repair of which, welding can be 


ious stations ol 
in the istruction and 


used to adv 


antage 


Hangars, shops, storehouses, bridg¢ piers, bulkheads, 
shipbuilding ways, radio towers, water and fuel tanks, 
boilers, piping, floating and bridge cranes, dry dock 
caissons, buoys, trucks, railroad rolling stock and many 


During the 
structures 
and Docks 


ater volum«e 


others lend themselves readily to welding 
past fiscal year, $45,000,000 worth of 
under the cognizance of the Bureau of Yards 
were being constructed by contract and a gre 


such 
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by day labor. In public works of this character and 
magnitude there is of course a field for the utilization of 
welding on a large scale but it is only within the past tw 
years that extensive use of welding on naval shore struc 
tures has been made. As in the case of commercial 
practice, welding first found extensive application in the 
Navy in the construction of ships, where its adoption 
10 years ago was brought about primarily by disarma 
ment treaty restrictions on displacement, which placed 
a premium upon weight reduction. The welding engi 
neers of the Bureau of Construction and Repair, Navy 
Department, which is concerned with the construction 
of ships, pioneered in the application of welding to ship 
hull construction, and many of the developments have 
since found their way into standards, codes and general 
practice 


ADOPTION OF WELDING ON NAVAL STRUCTURES 
ASHORE 


The considerations which dictated the adoption of 
welding for floating structures did not however have 
equal application to the design of buildings. Early 
experience indicated no saving of cost by welding, 
and there were other factors which acted to delay its 
adoption for shore structures. Until recently, limited 
competition retarded the adoption of welded designs 
The Bureau accomplishes most of its construction work 
under contract, and the adoption of welding was accord- 
ingly dependent upon the acceptance by steel fabricators 
and erectors of this means of steel fabrication. It has been 
only within the past few years that contractors in the 
building industry have equipped themselves to use weld 
ing economically and to compete successfully on structural 
work. A few unfortunate early experiences with bare 
rod welding had built up in the minds of some structural 
designers, a prejudice against welding which has been 
overcome only by years of successful welding with 
coated The difficulty in determining the 
soundness of welds and the qualifications of the welders 
to make adequate welds was a particular deterrent to 
the adoption of structural welding. Unfamiliarity of 
structural steel designers with proper welded design 
details, lack of design standards, and consequent in 
ability to produce welded designs as quickly as riveted, 
often eliminated welding from consideration on projects 
which were particularly suited to this formof construction. 


electrodes. 


STANDARD SPECIFICATIONS 


Before welding could be adopted on important Bureau 
projects involving the safety of human life, it was 
essential that adequate standards of design, inspection 
and qualification of welders be available. The Bureau 
of Yards and Docks in the early part of 1938, began 
preparation of two specifications, one covering welding 
design and the other welding inspection. In the 
preparation of these specifications, use was made of 
various codes, available test data, and suggestions of 
welding engineers of other bureaus of the Navy Depart- 
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2—David W. Taylor Model Basin 


and industrial companies engaged in 


General View of Building Group 


ment and representatives of equipment manufactur 
welding. T] 
suggestions obtained and the comments made by 
industry on the preliminary drafts were of great valu: 
the preparation of the final draft of these specificati 
Chey are accordingly, in a sense, compilations of the best 
theory and practice obtainable. They are now in use 
though still undergoing change. The basic stresses for 
welded joints follow closely the stresses recommended 
by the AMERICAN WELDING Society. The basic stresses 
for base metal follow those recommended by the Ameri 
can Institute of Steel Construction. Some modifications 
were made in the Federal specifications for structural 
steel, to assure a safe limitation upon carbon content 
These modified requirements vary slightly from those 
of the A. S. T. M. specifications for structural steel 
They are, however, within steel manufacturers’ toler 
ances and do not involve a premium on the base pric« 
Qualification tests are those required by the Navy De 
partment to qualify welders on ship construction. The 
guided bend tests, which are now quite well known, are 
included as a specification requirement. The tests are 
inexpensive, positive as to interpretation and suitable 
for field qualification in view of the portability and small 
quantity of equipment required. Welders able to pass 
these tests are considered fully qualified to make sound 
welds suitable for the construction of shore structures 


EXAMPLES OF NAVAL WELDED CONSTRUCTION 


The first application of welding on shore structures 
the Navy was on secondary members and non-strength 
parts. In the construction of the large airship hangar 
(Fig. 1) at Sunnyvale, California, in 1935, over sever 
miles of seam welding were applied on the deck plates 
the mezzanine floor. In the same year, the Bureau di 
signed and constructed at the U. S. Naval Observatory 
Washington, D. C., a building with a rotating dome t 
house the new 46-inch telescope. It was essential that 
this structure be rigidly constructed and as free fron 
vibration as practicable. All the roof framing, bracing 
and plates were welded. In the construction of the 
ton hammerhead crane at Puget Sound in 1933, welding 
was employed in the fabrication of machinery bases at 








Fig. 3—David W. Taylor Model Basin, Interior View Showing the Larger 
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; ‘or minor accessory fixtures. Welding was employed in 
™ the assembly of the reinforcing steel cages at the abut 
‘ ments and top hinges of the long span concrete arches in 
™ the Navy's new Model Basin at Carderock, Maryland, 
neat Washington. This $3,500,000 structure which 
placed in commission in the near future, will be 
the world’s largest naval model tank and testing labora 
torv, was designed under the personal direction of 
Rear Admiral Ben Moreell (CEC), U. S. N., now Chief 
of the Bureau of Yards and Docks. Fig. 2 shows an 
exterior view of this beautiful structure and Fig. 3 a1 
nterior view of the larger of the two towing basins 
2 In 1934, welding was permitted on a boiler drum for 


1 


= installation in a power plant ashore and since that date 
; oiler drums have been welded and inspected under 
the A. S. M. E. Boiler Code. Among other power plant 
© installations, the Bureau has recently designed an entire 
= new plant for one of the principal Navy Yards. This 
plat t is designed for 650 Ib. pressure and 750° tempera 
ture [he boiler drums and, with minor exceptions, all , 
power plant piping are to be welded. Chrome molyb 
® denum steel will be used for valves and fittings and ais ;, 
carbon steel for high pressure piping. Stress relieving Fig. 5—Fleet Moorings—4-Point Mooring Bucy Showing Interior Welded 





welded joints by means of electrical unit heaters is Sy ee Sey ety Sa Ly ae 
construction Buoys are usually fabricated by weldins 
ulone or in a few cases i! mb it with rivet 
Rivets and welds are not, however illed upon to share 
the load on a joint (see Fig Weld of steel float 
pontoons and barges is permitted, and is usually adopted 
with some saving in cost Phe pontoon of a ton float 
ng crane ee | 6) rece 1 for e Nor 
folk Navy Yar ol welded ¢ v resulted 
i i\ > ™ v) the I Cl I eted 
construct 
Weld iffords greatg1 ppre 
‘ ble redu potn We I ‘ ts ol 
; 1 g structure hast! va motive equi 
7 menta d br lor CTati¢ Lhe B I ul t completed 
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Fig. 4—Welded Steam and Condensate Lines in Service Tunnel, Naval 
Academy, Annapolis, Md 


being required. In 1934, the Bureau began welding 
power plant piping. Today practically all power plan 
piping and much of the distribution system piping is 
welded. Fig. 4 shows welded gas and steam lines ré 
zB q cently installed in new service tunnels constructed at the 
» U.S. Naval Academy, Annapolis, Maryland. At the 
new outlying air bases now being constructed in Alaska, 
the Western Pacific and San Juan, all pipe lines for the 
distribution of steam, air, water, fuel oil and gasoline 
will be of steel, welded to minimize shattering from 
bomb blasts. While not a new application, this is per 
haps a new reason for specifying welding. The steel 
gasoline storage tanks at these stations will be under 
ground, and will likewise be welded for the same reaso1 
Welding has such pronounced advantages in the cor 
struction of pipe lines, tanks, buoys, floats, pontoons and 
barges, from the standpoints of both resistance to corro 
sion and leakage, and weight reduction, that it is usually 
specified even though unit costs be higher than for riveted Fie. 3=Wehied Eetdec Crone 
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Fig. 8—Trolley Frame for Bridge Crane 


2 to 175 tons. The latest Bureau specification permits 
either welded or riveted bridge girders but requires that 
end trucks and trolleys be of welded construction. 
Figures 7 and 8 show the welding practice of one crane 
manufacturer. Automatic welding heads are used on 
the long exterior seams of the bridge girders. 

Welding has been successfully employed in the con- 
struction of a number of steel piers where hard driving 
or other conditions required the use of steel // piles. 
Figure 9 shows welded steel piers at Key West, Florida. 
Similar welded steel piers will be constructed at the 
new outlying air bases where coral or boulders will be 
encountered. As in the case of* piping and gasoline 
tankage, it is expected that welded steel piers will 
sustain relatively less damage from bombing. 

Welded design lends itself particularly well to rigid 
frame structures, results in a substantial saving in weight 
of steel and presents a clean cut structure of more pleas- 
ing appearance than the conventional truss roof with its 
maze of truss members and bracing. The first structure 
in which the rigid frame design was employed is now 
nearing completion at the U. S. Naval Academy, An- 
napolis, Maryland. Modernization of the Mess Hall 
called for the removal of existing groined arch construc- 
tion and its replacement with clear span construction. 
Figure 10 shows a portion of the completed work. The 
span of the arch is 75 feet. One of the advantages of 
welding, namely, quietness in erection, was particularly 
appreciated on this project as building operations were 
carried on during the academic year. This factor has 
an appeal on construction projects in thickly populated 
residential and office areas and especially in the vicinity 
of hospitals. Another form of welded rigid frame was 
used for the structural shop and mold loft now being 
built at the Boston Navy Yard, (see Fig. 11). The 
clear span is 100 feet. In this design, the 54 inch girder 
supporting the mold loft floor replaced a conventional 


ee ~ - 








Fig. 9Bent Framing for One of Five All-Welded Piers, Naval Station. 


Key West, Florida 
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9 foot truss and a slender gabled bent replaced the 
conventional roof truss, thereby effecting a reduction in 
the height of the entire building of 9 feet 6 inches and 
corresponding saving in the cost of construction and 
future maintenance and heating (see Fig. 12). | 
dentally it is expected that the treatment of the mold | 
ceiling made possible by the welded construction will be 
particularly pleasing in appearance. A rigid frame typ: 
of shop building, the Shipfitters Shop, Portsmouth Navy 
Yard, has just been placed under contract. To afford a 
direct comparison of cost, bids for both welded and 
riveted construction were solicited. The accepted 
welded design was $14,000 lower on a total cost 
$360,000. <A rigid frame design has also been utilized for 
the Structural Assembly Shop, Norfolk Navy Yard 
While careful analysis of rigid frames is required, wher 
ever there is a considerable number of identical frames 
as in the cases cited, the calculations for the welded « 
sign require little more time than the riveted. 

Welding has also been used extensively on repair work 
Figure 13 shows the method of reinforcing, by means o/ 
welded stiffener plates, the 600 foot radio towers at 
Annapolis to carry heavier antennae. 

An indispensable piece of equipment in all welding 
work is of course the oxy-acetylene cutting torch. Re 
cently the Bureau has been experimenting with flam 
cleaning of new structural steel and plates with a view 





Fig. 10—Interior View of Mess Hall, After Remodeling, Naval Academy 


nnapolis, 


to obtaining better adhesion of the shop coat of paint or 
steel intended for overseas shipment or otherwise e) 
posed to severe corrosion conditions. 

Having in mind the relatively short time during whic! 
the Bureau of Yards and Docks has been devoting itsel! 
seriously to welding, it will be evident from the for 
going examples of welded structures that the Bureau 1s 
definitely committed to welding. There are, to be sure 
some large complicated structures subject to heavy 
stresses such as dry dock caissons, and other such as the 
350 ton hammerhead cranes being built at the New York 
and Norfolk Navy Yards, on which the Bureau is not yet 
prepared to adopt welded design of main strength mem 
bers, but this is due in part to the fact that certain tech 
nical problems relating to shrinkage and distortion havé 
not yet been completely solved; and also due to the fact 
that there has not been sufficient opportunity during 
the past two years to make the necessary studies a1 
designs required for such important structures. 


FUTURE OF WELDING 


Welding is a fundamentally sound and economica 
process. Riveting has for many years served as a co 
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Fig. 12—Drawing Showing Stress Diagrams for Rigid Frame, Structural Shop, Navy Yard, Bost 


on, Mass 


NAVY WELDED STRUCTURES 





riveted joint does, is basically inefficient and uneconomical 
as compared with the welded joint, and will ultimately 
be displaced by it. Unfortunately this will involve the 
scrapping of hundreds of thousands of dollars worth of 
fabricating equipment adapted only to riveted work. 
Some tools such as shears, planers, bend brakes, bending 
rolls and press equipment are adapted for fabrication in 
connection with welding but most of the punches, spacing 
tables, drills, and riveting equipment with its numerous 
and costly accessories, must sooner or later be discarded, 
as must methods of handling based upon years of riveting 
experience. The not unnatural reluctance of structural 
fabricating shops to write off such valuable assets will no 
doubt delay the transition; and there are in any case 
many problems yet to be solved by the many interested 
agencies before welding can completely displace riveting 


NEEDS OF THE WELDING INDUSTRY 


Standards for both the design and field inspection of 
welding are a definite need, and a prerequisite to general 
acceptance of welding in structural steel work. To enable 
it to adopt welding for important structures, the Bureau 
of Yards and Docks has prepared such standards which 
are in use on work under its cognizance. 

While the almost universal use of the shielded are or 
coated electrode has gone far to establish the depend 
ability of welding and while visual inspection is generally 
accepted as a satisfactory method in structural work of 
determining the integrity of shop and field welds, there is 
need for a convenient, reliable and inexpensive non-de 
structive method for field testing of welds. Standards for 
the qualifications of welders and for materials and proc 
esses, while of the greatest importance in maintaining a 
high standard of workmanship, need to be simplified, and 
the costly requalification of welders for each new job elimi 
nated. Welding designers are needed who are not only 
versed in the theory of design but who are also thoroughly 
acquainted with the welding art, and with shop and field 
practices. The development of such designers, while 
already proceeding obviously requires time. To a much 
greater degree than in riveted work is the economy and 
even the quality of work in the shop and field, dependent 
upon the character of the designs prepared in the drafting 
room. “Over design’’ and a striving for non-existent 
economies—for example, splicing girder flange plates of 
different thickness or making floor beams continuous 
over supports—should be avoided. Conversely, details 
should be carefully designed so that punching or drilling 
of the heavier and longer members is avoided, with 
necessity for handling only the smaller connections for 
fabrication. The designer can likewise cooperate with 
shop and field personnel, with mutual benefit in working 
out welding procedures and sequences. By reducing the 
amount of field welding, by positioning in the flat or 
horizontal positions, and by providing convenient erection 
connections, the designer can effect substantial economies 
in field erection. Standard tables of connections and 
other details such are available for riveted work, 
need to be developed for welded design, in order to re 
duce engineering costs and excessive time required to 
prepare welded designs. Fabricating shops can advan- 
tageously direct their efforts to reduction of fabricating 
costs, because welding—except where adopted for other 
than cost reasons—will be used only to the extent that 
it offers the more economical method of construction. 
Obsolete fabricating equipment and handling methods 
must be discarded and more liberal use made of clamping 
devices and jigs in the important work of assembly and 
of positioning equipment or manipulators to increase 
shop output. Greater use of large size high speed elec- 
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Fig. 13—Close-Up of Welding Cage and Welding Operation, 600-F 


Radio Towers, Naval Radio Station, Annapolis, Md 

trodes for flat and horizontal fillet welds will speed up 
work and reduce costs. The use of automatic weld 
ing equipment will, also in some cases, result in reduced 
costs. Two of the outstanding objectionable features 
in welded structural work which will eventually be over 
come, are the overrun and irregularities in rolled ste 
sections. Steel manufacturers can contribute materially 
to the advancement of welding by accepting reductions 
in mill tolerances;. and also by cooperating in the de 
velopment of new rolled sections especially adapted t 
welding. Many shapes now used are obtained by cutting 
rolled sections or are built up from plates. 

The state of development of the welding industr 
today is due in no small part, to the indefatigable efforts 
of the welding equipment manufacturers and their sak 
forces. They can be relied upon to keep pace wit 
technological advances, to develop and furnish needed 
materials and equipment, and to bring them to 
attention of the industry. Schools and universities 
are playing a most important part in the advancement 
of the welding art by their research programs and mor 
recently by establishing courses in welding and organi 
zations such as the AMERICAN WELDING SOCIETY ar 
performing a valuable service by disseminating data 
new developments, and by enabling those interested u 
the development of the welding art and industry to meet 
and exchange their views and experiences. 

Government agencies can assist in fostering thé 
velopment of this important industry by identifying 
themselves with, and lending their influence to such dt 
velopment; and more especially by adopting welding 
making available projects on which welding is specilfiec 

There are of course many technical problems which 
are today only partially solved, but the real problem 
still confronting the welding industry is to obtain suff 
cient volume of welding work to enable the problems 
be worked out. If the work be provided, the ingenuit) 
of the research workers, the designers, fabricators, er¢ 
tors, and equipment and steel companies can be relie¢ 
upon to find the solutions. With their combined 
tive, perseverance and thought all directed towar 
same objective, the future of the welding industry 
never be in doubt. 
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HARD-FACING BY FUSION WELDING 



























EVERY industrial field—constructi milling 
dredging, quarrying, textile manufacturing 
fact, wherever mechanical equipment is in use 
made to overcome or at least retar 
cts of the destructive forces causing wear [he 

wear encountered in industrial operatio1 


being 


rf ‘ rs 
¢ | 


: 


P may be classified 
¥ listinct types However, this presentation wW | 
3 er only that wear resulting from abrasion and in 
= pact since the others are not a serious factor in cases 
* veal 
is We have learned, through our daily pursuits, that th 
: effects of paper upon a pencil may be reduc: 
Z ise Of a harder pencil. In selecti 1 hard 
= p it is possible to produce a finer line from a pencil 
point that will last much longer, i.€., a more abrasive 
pencil point 
eers, 1n a similar manner, | reasing thi 
. hardness of the metallic parts subjected to wear, art 
e end ring to reduce the effects abrasion and the 
‘ ts destroying the machines of industry. Thi 


in hardness may be obtained by either of the 


ne two basic methods for hardening 
; Whe iniiorm hardness throughout the part 
isually manufactured from an a 
ted This, however, is a1 
necessary if the part is subjected only to sur 

Surface hardness may be obtained in a1 
number of ways. 


metals 


st common means ot surtace hardening is cas¢ 

or carburizing. 
‘pensive process for surface hardening is nitridi 
Chere are also a number of pate nted process 11 
the items to be surface-hardened are heated to hig 
peratures and exposed to carburizing gases and control 
tmospheres of ammonia gas, hydro-cyanic acid gas and 
h of these processes the temperatur 


is varied according to the depth and chara 


A somewhat similar but 


whicl 


Ca 


nt 


eris | the case hardness desired and the kind of steel 

being treated. The final hardness is obtained by quenc! 

ing in either oil or water; the method of quenching being 
iKewise governed by the character of the hardnes 
ind the kind of steel being treated 


duction heating and quenching, flame-hardenit 


pray and electro-plating are also 


ibis inl Se Ca ER i RR ae en 





to increase surface hardness. The advantage of 
m ‘ese methods is that only a small per cent of the total 
me Weight the part to be treated is heated to the hig] 
om erature necessary to obtain the required hardn 
4 her process for surface hardening that is of par 
a interest involves the use of welding to apply 
3 mi tal to the wearing surface of a softer metal. 
8 nown today, hard-facing by fusion welding 
4 ird-lacing may be defined as a process of overlayins 
4 velding, a metal with high hardness characteristic 
s 
: Annual Meeting. A. W.S., Chicago, Oct. 23 to 27. 193 
a ate Mechanical Engineer, Marine Design Section, Office of Chief 
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By T. B. JEFFERSON, M.E 
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posits are generally called self-hardening. They differ 
from martensitic deposits in that they are relatively 
soft as deposited and have the property of hardening at 
the surface when deformation takes place in cold working. 
Che rest of the deposit remains relatively soft; con- 
sequently an austenitic deposit is suitable for resisting 
impact wear. 

Deposits of the non-ferrous alloy hard-facing materials 
obtain their maximum hardness in the ‘‘as-deposited”’ 
stand and are therefore of a martensitic nature. 

rhe deposits of the diamond-substitute group differs 
distinctly from both of those previously mentioned in 
that they are of a matrix type. This group consists 
primarily of rods made up of sharp irregular shaped 
carbide or boride compounded particles uniformly dis- 
tributed in a tough alloy binder; however, powder and 
insert forms are also used. 

Some manufacturers mix the powdered particles with 
a paste so that a sudden blast from the blowpipe or arc 
will not blow the particles away before they become em- 
bedded in the base metal. In the case of the inserts the 
shaped diamond substitute particles are set in the wear- 
ing surface and welded in place. When using the pow- 
dered form the particles are merely scattered over the 
base metal. Then upon heating the base metal to a 
melting temperature the diamond substitute particles, 
because of their greater density, sink below the surface 
and embed themselves. Thus, when deposited, these 
particles, which are extremely martensitic, become 
firmly embedded in a strong alloy base metal of austenitic 
characteristics. In this manner the resultant deposit 
possesses the good qualities of these two types of metal- 
lurgical structures without their individual deficiencies. 

When it is decided that a machine part is to be sur- 
face-hardened by a process other than welding consider- 
able care is exercised to determine the proper procedure 
to use. However, if the decision is made to hard-face 
the part the price of the material rather than its metal- 
lurgical characteristics are not infrequently the deciding 
factor in the selection of the hard-facing material. The 
failure of the average user to consider the fundamental 
metallurgical characteristics of hard-facing materials is 
often the cause of many unsatisfactory hard-facing 
applications. Without considering the facts at hand, 
hard-facing materials are frequently applied because, 
“It is the cheapest,’’ or, “Someone recommended it,”’ 
or, ‘It was satisfactory when used on another applica- 
tion,’’ even though there is no similarity between the two 
applications. The fallacy of such a practice may be 
seen readily and while it would not be expected to work 
for any of the surface-hardening processes it is neverthe- 
less repeatedly tried in connection with hard-facing appli 
cations. 

To date there has not been developed a standardized 
test for determining the wearing qualities or the abrasion 
resistance characteristics of materials nor has a satis- 
factory means of obtaining this property by comparison 
been established. There are, however, several known 
methods for readily obtaining the hardness of a material 
and for accurately comparing metals as to their hasdness. 

By the simplest test, for example, the abrasive effect 
of paper upon a pencil, it has been determined that the 
higher the hardness the greater the abrasive resistant 
character of the material. For this reason it is believed 
that hardness is probably the best criterion of wear 
resistance. 

If the hardest possible deposit is desired, a material 
of the diamond substitute group should be selected. 
It should be remembered, however, that while materials 
of this group produce the hardest deposits they are also 
the most expensive. Price alone cannot be considered as 
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an index to hardness and quality; this will be bro 
out later in this paper 

In selecting a hard-facing material for the best resy] 
on a particular application the following facts shoul 
considered : 

a) Ferrous Alloy Materials 

The materials of this group may be applied re 
by either the oxyacetylene or the electric-are welding 

The electric-are process will be the faster 
and the more economical, but because of the lower 
operating temperature of the oxyacetylene proces: 
better control of the deposit can be maintained. Th 
lower temperature also means less penetration and 
consequently less dilution of the deposit by the bas 
metal. 

Those rods of this group producing martensiti 
deposits will usually have poor corrosion resistant 
characteristics. Their outstanding qualities are their 
ability to resist abrasion and deformation. When th 
uniformly hard surface of a martensitic deposit is 
subjected to impact it may wear very rapidly du 
the brittleness of the surface which is liable to chipping 
under impact. 

The austenitic deposits of rods of this group, b 
cause of their work-hardening qualities, are best for 
resisting impact wear. After their hardness has bee: 
increased by cold working they are also suitable for 
resisting abrasive action. Usually, because of their 
higher alloy content the ferrous materials producing 
austenitic deposits have good corrosion-resisting quali 
ties. 

(6) Non-Ferrous Alloy Materials 

The materials of this group are best for producing 
thin and smooth deposits and deposits that are capable 
of resisting corrosion. The martensitic nature of the 
deposit of this group makes it highly abrasion resis- 
tant, a quality the deposit retains at high temperatures 

“red hardness.” 

The non-ferrous alloy materials may be deposited 
by either the electric-arc or the oxyacetylene welding 
processes; the latter is usually preferred. Better 
control over the deposit may be maintained by 
oxyacetylene process and there is also less loss of 
higher priced hard-facing material. 

(c) Diamond Substitute Group 

The materials of this group which are in the 
form may be applied by either the electric-arc or 
oxyacetylene process, with oxyacetylene the preferred 
method. The insert or powdered forms are usuall) 
“puddled” with the oxyacetylene flame. 

Since the diamond substitute particles are deposited 
in a matrix of a softer material which is able to wit! 
stand shock the deposits of this group are generall) 
suitable for withstanding impact as well as abrasiot 
By selecting a suitable binder material the deposits 
the diamond substitute materials can be adopted 
practically any type of service. The extreme hard 
of this group is maintained quite well at a red heat 
In the application of any hard-facing material 

most satisfactory results will be obtained if the melting 

point of the hard-facing material is slightly below 

of the base metal and if the coefficient of expansi 

the hard-facing material and the base metal are app 

mately the same. If these two conditions exist the harc- 
facing deposit will not be seriously diluted by the 
metal nor will it be likely to crack or break loose whe! 
cooling. 

Actual practice has proved that some of the less 
pensive rods, for example those in the ferrous alloy g1 
producing an austenitic deposit, are far superior to som 
of the higher priced materials. This is particularly tru‘ 
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facing deposit is to retard impact wear 
ating abrasive wear these 
; are sometimes worn away 
pportunity to work-harden to the point wl 

can effectively resist this destructive force 

, martensitic deposit 
is able to resist the 
force and as a result lasts indefinitely in this 


austenitic 


they have 


cheaper 
before 


with its high initial 


scouring action of this 


stake commonly made by the average user is 
f depositing the hard-facing material too thickly. 
re of the opinion that if a thin deposit is effective 

r deposit will be more effective. In reality this 
ilwavs the case. It has been found that the thin 
pplication that will produce satisfactory results is 
-to use. Rarely, if ever, should a hard-facing 

be over '/, inch in thickness. The usual practice 
pply the hard-facing material no thicker than it 
deposited in a single pass. When one layer of 
cing is deposited over another the lack of elas 
of hard-facing materials usually produces a 
ked and weakened surface. Such a surface condi 
usually decreases the effectiveness of the hard 
g. Also multiple layer deposits of hard-facing are 







soiter i i le laver I imp i 
recent test it was found 
ferrous all rd-ia B 
I 590 Y, ( i u if “ 
ipplied er the first I 
to 524, while 461 Brine Te 
f a triple bead dep 

If the nature of the w I e1 
building of a part to a height greater than that obtain 
by a single ipplicatior I ird t will be 
that a high carbon material deposit: iver 
until the part is withu the red height 
and then hard-faced it will pr more itisfact 
suriace Not only will the ir] ve str ger but it will 
also be harder In the case of the pre islv mentioned 
ferrous alloy deposit with its Brinell hardn f 590 
when applied over a high carb eC] t its Brinell 
hardness was increased to | 

It is hoped that the fundamentals whi have bee 
presented has in a degree cleared away some of the mystery 
commonly associated with hard-facing by fusion weldi 
and has given a clearer idea of what may be accon 


plished by hard-facing and what may be expected of tl 
so-called “‘magic metal 
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By WALTER W. PETRY} 


ELDING in its modern form and 
is of such comparatively recent 
development that many organizations have 
een their welding department in some out-of-the-way 
grow up to occupy what now becomes 
heavily-loaded manufacturing area his is not 
d to be an indictment against these shops, which 

ree were required to add on and add 
sufficient assurance of the future value of 


application 


and extensive 


a congeste d 


without 
we Ide d 


uction to warrant rearrangement, relayout and 
g, but is intended to call attention to the advar 
welding fabrication has over other forms of con 


and to show how much greater w 
nad the user of welding been able to look ahead 
sualize the place welding should and would tak« 


duction set-up. 

iny cases the welding supervisor is not trained 
‘ reer oon . . ‘ 
welding engineering and material flow. If he know 


DOUT 


material flow, he may not have foresight int 
luture possibilities of welding. He will then only 
the shop layout for the present conditions, which 
rrow may be out-of-date. If he knows welding and 
ps abreast with the new developments, he may not 
the knowledge necessary to make the proper layout 


nimpeded flow of materials through his shop 
at Annual Meeting, A. W. S., ¢ hicago, Oct. 23 to 27, 19 
£ Consultant, The Cincinnati Milling Machine incinnat 


Production Welding 


Quite frequently the planning pment w 

the weld shop 1 entirel é { 

has many other things on his mind 1 little time to pla 
irefully for the proper flow equenc per 
materials through the many nec esses to make 
the net result, a good product at t ht price and at 
the right time It usually follows t DI { weld 
shop is a 


properly laid out a 
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A GALVANIZED STEEL WELDED PRODUCT 


It is a 


inches long and 30 incies deey é r | made 
nel lot nd ) ‘ ’ 


metal container roug!] é wide 
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of mild steel 16 gage with flanged ends of 10 gage, manu- 


factured in quantities of 25,000 or more. The flow of 
materials begins with first, the spotting of the car, 
convenient to shear; second, handling sheets in packs 
instead of single sheets; third, conveyed by truck, and 
sheared to size while unloading; fourth, stocked in proper 
sizes adjacent to presses. The press operation, of course, 
makes the product too bulky to store, which means the 
forming process should be timed with production require 
ments. 

The original process was laid out so that operators 
were stationed at points equally spaced with room enough 
to roll the tank on a bench for positioning each edge of 
the rectangular shaped tank. This caused four changes 
of position for each end, or eight positions for each tank. 
It will be noticed that the economy of floor space obtained 
by eliminating this rolling procedure would not be con- 
served when using gas torches due to the fact that heat 
and gases from the torch required ample spacing for 
ventilation. 

The point I wish to make here is that a lack of knowl- 
edge led to the selection of the wrong process. The fact 
that the tank had to be dip-galvanized after welding 
caused this mistake because acetylene welds can be 
quickly pickled preparatory to galvanizing and electric 
arc welds made with coated electrodes cannot be cleaned 
by the pickling process. Cleaning of the slag from an 
electric weld on this metal made the manufacturing cost 
prohibitive when using coated electrodes. It is true that 
with some rods the slag will spald off clean when properly 
welded under ideal conditions, but in practice there is just 
enough insoluble slags bonded firmly to the parent metal 
to make an imperfect galvanized job unless, as stated 
above, a prohibitive amount of labor is put on cleaning. 

On the original set-up, ten welders produced 250 
units per eight-hour day, and two men were required to 
handle by hand all material going to the welders and 
carry the finished units to thé test racks. These welders 
occupied a floor space of 1200 square feet. On the re 
layout, five welders and one assembler produced the 
same quantity and were more compact, occupying only 
10 sq. ft. each, a total of 240 sq. ft. A simple gravity- 
roller conveyor carried the units direct to the test racks. 
The key to this improved set-up lay in the knowledge of 
the behavior of bare electrodes on thin sheet metal and 
speeds obtainable by that process. True, it was more 
difficult to get welders capable of doing a first-class job, 
but the finished product was so much superior and the 
floor space gained so valuable that the advantages tre- 
mendously offset the disadvantages. 


VITREOUS ENAMELED WELDED PRODUCT 


The next case illustrates a combination of process 
change and material flow correctidn. Several attempts 
had been made to use conveyors advantageously but 
these had only caused the set-up to become more clumsy 
and spread out. Each welder performed his own set-up, 
consisting of clamping the top of a refrigerator liner and 
the shell or sides into a jig for welding, followed by weld- 
ing the three seams, which constituted the joint of the 
top to the sides and back. He then removed the product 
from the jig and passed it to the next welder whose 
operation was nearly the same jigging, welding in the 
bottom and removing from jig. These jigs were mounted 
rigidly on a building column, two to each column with 
an extra column installed between those regularly spaced 
20 feet on centers; thus, to have all the jigs mounted re- 
quired spreading out over ten bays of the building. Each 
column had to be a welding station with gas and oxygen 
piped to it. 
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After careful study, it was recommended to change tly 
entire set-up by mounting the jigs on a special conveyor 
which would have the proper speed and control for weld 
ing either by semi-automatic acetylene, or electric r 
sistance process. 

The special conveyor consisted of a mounting, wh 
would index to position for loading welding and 
loading, so that operators stationed by the materia] 
receiving point loaded the jigs, threw controls, which 
carried it to the welders, who welded as it passed with 
only a few seconds lapsing between welds. The welders 
remained comfortably seated in chairs with arm rests 
adjustable to their desired heights. With welding co: 
centrated in one place, it was a simple matter to arrang: 
ventilation for the removal of the products of combustion 
and heat. In this manner, physical fatigue was reduced 
to minimum. 

Previously 20 stations had been required to produce 
2000 units per day using 20 men on each of two shifts 
The revised set-up had capacity of 2000 units per day 
using 8 men on each of two shifts and condensed int 
one-half the floor space. 

The trained production engineer might go to the very 
limits of production organization, yet fail to realize that 
the fundamental process may soon become obsolete, as 
did boiler manufacturers in their well-equipped shops 
for riveting, only to have welding replace this process 
before a good start had been made with the riveting 
machinery. 


LARGE DIAMETER WATER PIPE 


Realizing the need for production of steel water pip 
more than a decade ago, a small welding company 
equipped itself for production of welded pipe in competi 
tion with riveted and mechanically-made seams, all « 
which were in competition with cast-iron pipe. Orders 
began coming in because of the savings made on fittings 
turns, and the reliability of steel over cast iron in the 
larger diameters from 42 inches in diameter up to 84 inches 
It soon became apparent that enlargement of the factor) 
facilities was necessary. With much concern about th 
future, inquiry was made of all leading welding and form- 
ing apparatus manufacturers as to their very best a1 
most modernized method for doing this sort of work 
The manufacturers gladly responded and gave valuabl 
suggestions. With that kind of information at hand, a 
carefully planned operation chart was made, showing 
each operation in detail. This chart dictated the loca 
tion of machines rather than some one individual's idea 
of ideal arrangement, accessibility to power, or any ol! 
the other many arguments that so frequently disturb th 
plans of an engineer. 


CONCLUSION 


I have sighted these foregoing examples of outstanding 
blunders and their correction merely to illustrate th 
point that too frequently development goes forward 
with insufficient knowledge to allow a clear vision of th 
future possibilities of welding. In many cases this 
knowledge may be in the possession of a single enginec! 
highly trained and experienced in a special line of wor! 
but more often the thorough job is done by the coopera 
tion of a number of engineers working hand in hat 
many hours and delving into the depths of laborator) 
research to get the answer to the question—What is t! 
right way to solve this problem? 
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and G. E. CLAUSSEN' 


\ series of lectures prepared for presentation in a ment , 
‘ 1 me re Terecoor in t Pol hnic Institute of Brooklyn und 
‘4 Institute and Som Ne ‘Yi rk Section of the AMERICAN WI N ETY 
= be published serially in the Welding Journa A ' 
i paaes Journal Size. Copiously trated , pe! ‘ 
* jua rn 
3 
- id Editorial Note The purpose of this series of le ive FUNDA ENTALS OF V v { 
r URGY, ts to familiarize members of the welding industr h the composition , 
B are used, to show the effect of varied conditions of he nd stre n weldit - i ; 
5 ) o tllustrate how the knowledge of metallur: n be used to control tire é } f 
; All lectures were prepared hy Professor Otto H. Hlenr Dr. G. E.. Clausse ’ : 
" elected because of their exceptional whility in this fiel Professor Hlenryv on wate 70 eores 
‘ S Mechanical Engineering from West Virginia University Since then orus - — 
ec dante Engineer from West Virginia University and Master's degree i) echar Engineer 
Polytechnic Institute of Brooklyr Bef ore con Polytechnic, Profe Henry serve Instr 
n Steam and Experimental Engineerin; West Virginia University and in the we i 
iring ine World War Since coming to Polvtechnu Professor Tlenr ha eer ; 
metallurgy and materials testing, and has served as commercial consultant of sewer ’ l 
ate Professor of Metallurgical Engineering and in charge of the New Degree ¢ 
n neering. He has been a member of several technical committees of the Amer n We é 1)» 
RK G. E. Claussen received degree of Mechanical Engineer from Polytechnic Institute egret 
; Master of Science from Massachusetts Institute of Technology, and degree of Ph.D he 
7 eld, 1935. Instructor in Mechani Eneineerin: Polytechnic In ite R, ) 
# é h Assistant of Welding Research Committee since 1936 
; Dr. Claussen 1s Se reiary of the Fundament ul Research D ” e We { } f 
nd well-known throughout the world as one of the authors of the , . os 
hu pbpear regularly in the Welding Research Supplemer 
INTRODUCTION 
General principles are emphasized throughout, in the 
F ALL branches of engineering, metallurgy is the belief that a few general principles replace vast number 
closest to welding. “Welding Metallurgy” is i particular facts he endeavor has been to simplify 
tended to familiarize members of the welding in everything as much as possible without distortion of 
5 dustries, including fabricators and designers, with the facts or sacrifice of completenes Phere are no formule 
a composition and structure of the steel they use, to show to be memorized. Instead. we 7 metallurgy deals 
} how the steel is affected by the varied conditions of heat with the structure, propertic ind composition of the 
™ and stress in welding, to explain the mysteries of heat welded materials from which may be deduced the cle 
tment, and to point out the way in which metallurgy of events which brought them about, or vice versa. The 
an be used to control the welding process. No prior in numerical information that 1 oft ippt 
uction in metallurgy is assumed in the following chap mate for the sake of simp! 
ters, nor is a detailed acquaintance with welding tech 
que required 
here is no pretense that all the metallurgical aspects WELDING METALLURGY 
welding are dealt with, for example, corrosion and 
= ‘tresses. Emphasis is placed on fusion welding for the \ large part of metallur; t lange 
son that practically nothing is known about the fusio1 properties of metals as the uré ited Che essent 
ce estion in re sistance welding. Furthermore, the metal part of commercial welding procs ie heat , 
* gical principles of the heat-affected are basically metal close to or above the nelt ‘ Conse 
€ same in all types of welding quently, metallurgy is an importa t to welding 
Professor of Metallurgical Engineering, Polytech: $y means of metallurgy, we late the temperature 
arch Assistant Welding Research Committee, and Adjunct Prof chat c= during we Iding to : ‘ tructure 1nd 
itgy. Polytechnic Institute of Brooklyn properties of the joint 
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Part |—Temperature Changes During Welding 


lhe important facts that we must gain about the tem 
perature changes during the welding of a 


g riven metal 


or alloy are 


Rate of cooling 
Maximum temperatur« 
Length of time the maximum temperature is 
maintained 
} Rate of heati 


With these facts, we consult«che principles of metal 
lurgy to determine the effect of welding on the metal 
In gas welding (temperature of neutral oxyacetylene 
flame 3200” C.) the rate of heating is slower than in 
arc welding, the molten metal probably attains a lower 
temperature, but the metal is usually molten a longer 
period of time than in are welding (temperature of iron arc 
6000" C As a result, the rate of cooling from gas 


welding is slower than from arc welding, and adjacent 


base metal is heated over a larger area In both proc 
esses the source of heat—are or torch—moves at the 
speed of welding, say 6 inches per minute The metal 


lurgical effects depend upon maximum temperature, 
which is usually about the melting point of the metal, 
and size of heat sourcs 

Che size of heat source in gas welding varies directly 
as the acetylene consumption, and in are welding as the 
current, the arc voltage being about the same for most 
electrodes of a given metal During each inch of welding 
the heat delivered to the base metal is 


size of heat source (B. t. u. per minute 


welding speed (inches per minute 


For a given thickness of metal the two factors vary as 
shown in Table 


Table | 
Relative Size of Relative 
[ype of Welding Heat Source Welding Speed 
Gas welding Large Small 
Arc welding Small Larg¢ 
Atomic hydrogen weiding Mediur Mediun 
Resistance seam welding Larg« Very lar 


Extremely rapid cooling occurs after the arc has been 
drawn for a second or two on a thick plate and then ex 
tinguished. Ifalarge pool of molten metal is formed under 
the arc or torch, the rate of cooling is less rapid. The 
rate of cooling is most rapid in the weld. It is important 
to remember that the time required to cool 1 degree de 
pends on the temperature of the metal under considera 
tion and on many other factors. In general, the higher 
the temperature of the metal, the faster it cools, pro 
vided the source of welding heat has passed by. For 
example, when the weld metal is at 1400” C., it may be 
cooling at the rate of 500° C. per second, whereas by the 
time the metal has cooled te 700° C. the cooling rate 
may be only 50° C. per second, and at 350° C. only 5° C 
per second. 


Effect of Welding Variables 


Number of Layers 
If, instead of welding in a single pass, a multiple-pass 
weld is made with the same torch or electrode, the weld- 
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ing speed increases correspondingly, which redu 


heat delivered to the base metal during each bs 
creases the rate of heating and cooling, and redu 
time the weld metal remains in the molten state 

a different size of torch or different current sett 
adopted in switching to multiple-layer welding 


changes must be taken into account 


Plate Thickne 


Che temperature changes during welding are at 
in two ways by the thickness of the parts to be v 
If the same size of heat source and the same wi 
speed are used on thick as on thin plates, the tempe: 
changes during the deposition of each bead will be 
rapid in the thick plate, because the weld metal 
rounded by a greater mass of cool metal, which gen 
has about a thousand times better conduction for 
than air Air thus acts as an insulating blanket ar 
welding operations, which tends to increase th 
welding operations 

If, as is usually the case, the size of the heat 
increased in changing from the thin to the thick 
then the temperature changes during welding n 
more or less rapid in the thick plate than in th 


depending on circumstances 


It the plate s to be welded rest on retractorv n 
of low heat conductivity, such as fire-bricks, i 
on other metal plates, the rate 


1S de creast d. 


f cooling after wi 


Preheatins 


Preheating decreases the rate of cooliu alter we 


and sometimes removes the metal from a zone of lov 
peratures in which it may be brittle and liable to cr 


a 


lhe second advantage of preheating will be discuss: 


a later chapter Preheating may be accomplishe 

variety of ways, such as by separate flame, by w 

Ina furnace, or by de pt siting Successive beads befor 
preceding beads have cooled comple te ly 


Questions and Problems 


Distinguish between heat and temperature 
Why does heat flow from the weld into the 
being welded? 

3. In welding steel by the gas, arc and flash we 
processes, the weld zone reaches at least 1500” ( 
may cool to 500° C. in 1 minute, 30 seconds, and 
What ] 
average rate of cooling, neglecting the small evol 
of heat on freezing 

1. Ifa gas weld is made in '/2-inch plate, w 
center of the weld (mid-thickness) cool more 1 
than the surface 


2) 


onds, respectively, for the three processes 


5. A welder observes bands of colors adjacent 
welds in cold-rolled sheets. What is their signifi 
(Cold-rolled steel is free from mill scale. The oxid 
on steel increases in thickness as the temperatt 
raised. Films of oxide formed above about 200° ¢ 
duce interference colors 

6 Why does preheating decrease the rate of 
after welding’? (Suppose the metal were preheat 
most to the melting point 
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tion, Alteration and Repair of Highway 
and Railway Bridges by Fusion Welding,”’ 
which was published as a code by the 
SocreTy in 1936 and has been endorsed 
by the American Railway Engineering 
Association and the American Association 
of State Highway Officials. 

Mr. Lang was a Mason and a Shriner 

Funeral services were held at the First 
English Evangelical Lutheran Church, 
the Rev. Dr. Martin Luther Enders, 
pastor, officiating. Burial was in Druid 
Ridge Cemetery, Baltimore. 

Mr. Lang took over the presidency of the 
AMERICAN WELDING SOCIETY at a very 
trying time in its history. While it 
practically the unanimous opinion that 
the AMERICAN WELDING Society should 
be made a strong technical organization, 
the best procedure for so doing was the 
subject of considerable difference of opin- 
ion. The exact boundary of activities of 
the Society was also a matter of consid- 
erable Largely through Mr 
Lang’s clear thinking, patience and fear 
lessness, the By-Laws of the SocrrTYy were 
changed and methods of operation were 
established which insured the direction of 
travel of the Society in its goal to become 
the leading technical and scientific organi 
zation in the world on welding. 


was 


concern 


RAYMOND A. SPENCER SUCCUMBS 
FOLLOWING WEEK’S ILLNESS 


Raymond A. Spencer, one of Windsor’s 
industrial leaders over a period of a quarter 


~ a century, died yesterday in Metro- 
politan General Hospital, following a 
week’s illness. He was in his 55th year. 


Held Several Posts 


Associated with the Canadian Bridge 
Company for 27 years, Mr. Spencer was 
assistant general manager of that firm at 
the time of his death and held the same 
position with the Canadian Steel Corpora 
tion, the Essex Terminal Railway, Cana- 
dian Steel Lands Company and Cana 
dian Steel and Wire Company 

During his years with the Canadian 
Bridge, Mr. Spencer travelled extensively 
throughout Canada and the United States 
and had friends all the continent 
He was particularly well-known in Wind- 
sor, taking an active part in activities of 
the Essex Golf and Country Club, the 
Detroit Boat Club, the Windsor Club, the 
Engineering Institute of Canada and the 
American Welding Society. 


over! 


WELDING SCHOOLS 


In connection with the work of the re- 
cently appointed Committee on Minimum 
Requirements for the Training of Welding 
Operators in Trade Schools, the Socrery 
headquarters is compiling a list of welding 
schools operating in the United States. In 
addition to needing this material for the 
Committee’s use, the Society is constantly 
receiving requests for information of this 
kind from all parts of the country 

In order that the list may be made as 
complete and up to date as possible, it is 


requested that every welding schoo) fy,. 
nish Society headquarters with a brie 
statement of its operations. The informa. 


tion should include the name and addreg § 


of the school and a statement of whether j 
is a public trade school, a private wi \ding 
school or a training school operated in cop. 
nection with an industrial concern. This 
information should be addressed to M, 
Kelly, Secretary, AMERICAN WELpiy 
SOCIETY, 33 West 39th Street, New Vork 
N.Y 


JOUBLANC JOINS LE TOURNEAU 


Mr. J. C. Joublanc has joined the R.G 
as Director of Metal. 
lurgy and Research Mr. Joublanc was 
formerly connected with the metallurgical 
department of the Republic Steel Corp, 
for ten years, the research department of 
The Lincoln Electric Company for four 
years and for three years was chief metal- 
lurgist for the Harnischfeger Corp 
as technical their 


Le Tourneau, Inc., 


, as well 
director of Eiectrode 


Division 


OCTOBER JOURNAL 


The AMERICAN WELDING SOCIETY still 
has a very limited supply of the October 
1939 JouRNAL. Members desiring to do 
so can obtain extra copies as long as they 
last at 50¢ each. If you have some friend 
that you would like to receive a copy of this 
unusual issue, place your order at once 
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A NATION UNITED BY TELEPHONE 


Just twenty-five years ago, on Janu- 


ary 25, 1915, the first transconti- 


§ nental telephone call was made. East 


and West were united in dramatic 
ceremony. 

President Wilson talked from the 
White House across the country, 
testifying to the nation’s pride “that 
this vital cord should have been 
stretched across America as a sam- 
ple of our energy and enterprise.” 

The inventor of the telephone, 


Alexander Graham Bell, in New 


1940 


York, repeated across the continent 
to San Francisco the first words ever 
heard over a telephone —‘Mr. 
Watson, come here, I want you” 
to the same Thomas A. Watson who 
had heard them in the garret work- 
shop in Boston in 1876. 

That ceremony ushered in trans- 
continental service twenty-five years 
ago. At that time it cost $20.70 to 
call San Francisco from New York. 
Now it costs $6.50 for a station-to- 


station call and only $4.25 after 


ADVERTISING 


seven in the evening and all day 
Sunday. 

In 1915 it took about half an hour, 
on the average, to make a connec- 
tion. Now most calls are put through 
without hanging up. 

These are measures of progress 
in the never-ending effort of the Bell 
System to give faster, clearer, more 
useful and courteous service to the 


people of the United States. 


BELL TELEPHONE SYSTEM © pen | 
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RADIO CITY REMODELS SKATING 
RINK 


The recent activity at the outdoor 
skating rink in Radio City’s Sunken Plaza 


} 


was caused by a decision to enlarge the 


rink and to install permanent rink piping 


Heretofore, it has been a practice to lay 
EE —_ | 
- 





This Close-Up of the Welding Operation Shows 
Some of the Completed Welds, as Well as the 
Method of Welding Employed by the Opera- 
tors. These Completed Welds Are Said to Be 
as Strong as the Pipe Base Metal Itself 


pipe in the Fall and remove it in the 
Spring. 

It would have been possible, of course, 
by merely laying a new foundation, to 
make a permanent installation out of the 
former piping system. However, in order 
to insure an absolutely leak-proof and 
corrosion-resistant installation, and to 
eliminate a mass of joints and the need for 
periodic tightening of these joints, the 
contractor, Almirall & Co., decided to 
join the pipes by oxyacetylene welding. 
With this new installation, also, it will be 
possible to lay a temporary Terazzo floor 
for summer restaurant service 


HOW SNOW CRUISER WHEELS 
WERE MADE 


selection of materials, and 
methods of fabrication of the 2000-pound 
wheels were major problems confronting 
the Research Foundation of Armour In- 
stitute of Technology when planning the 
Snow Cruiser which will be loaned to the 
United States Antarctic Service for sur 
vey and research work in the South Polar 
Region. The wheels will not 


Design, 


only be 


subjected to terrific strains resulting from 
carrying the 75,000-pound Snow Cruiser 





Dr. T. C. Poulter, Designer of the Antarctic 

Snow-Cruiser, Inspecting the Intricate Fabri- 

cation and Welding of Its Wheels Which Are 
Made of Inland Hi-Steel 
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over the trackless and uneven wastes sur 
rounding the South Pole, but they must 
withstand high 
tremely low 
which caused the 


impact stresses at ex- 
temperatures a condition 
failure of metal parts 
during 
explorations. Fur 


on mechanical equipment used 
Antarct 


thermore, it is highly essential that the 


previous 


weight of the wheels be as low as possible, 
Every 
pound of metal saved in the weight of the 
wheels reduces the power needed to move 


consistent with necessary strength 


dead weight and adds to the useful carry 
ing capacity of the Cruiser which is de 
signed for a 5000-mile cruising range with 
out contacting its base 

General dimensions of each wheel are: 
diameter of outer and inner disks, 71 
inches; diameter of drop-center rims, 66 
inches; rim width, 30'/s inches outside 
and 28 inches inside; and, hub diameter, 
20 inches. The weight of the two rims, 
the felloe and ribs of each wheel is 810 
pounds. Almost 1000 pounds additional 
weight is added to each wheel by a cone 
shaped hub, axle, gears, shafts and brake 
drums. 

These dimensions and weights are im- 
pressive but still more impressive is the 
manner in which weight has been scaled 
down to the minimum by selection of the 
most advantageous type of steel. The 
71-inch disks are made from */3-inch 
plates, the felloes are formed from 12- 
gage sheets, bracing ribs are made of 12- 
gage metal, brake drums are only '/», inch 
thick and the cone-shaped hub is made of 
1/s-inch steel. These and other astonish- 
ingly light but strong sections are made 
possible by the use of Inland Hi-Steel 
which has as one of its main characteris- 
tics maximum resistance to repeated high 
impact shocks at extremely low tempera- 
tures—one of the most severe conditions 
which will be encountered day in and day 
out in the Antarctic Region 

The various parts of each wheel were 
ground preparatory to assembly. A bead 
casing support was then welded to the in 
side of each disk. The assembly opera- 
tion was started by placing one disk on 
stools mounted on a heavy face plate 
This disk was leveled by means of shims. 
The 12-gage felloe band was then placed 
in position and the other disk was lowered 
on top of the felloe band. Spacer blocks 
were used between the two disks to assure 
parallelism and correct spread. This 
assembly was tack welded and then chuck 
blocks fitted with adjusting set screws were 
used to assure accurate diameter. The 
wheel was then firmly secured to the face 
plate by four heavy clamps. All welding 
possible was completed with the assembly 
held rigid 

After removal from the jig eighteen 12- 
gage cross ribs were welded to the disks 
and the felloe band. Dimensions were 
the same after this operation except for a 
1/,-inch uniform shrinkage of the tread of 
the wheel. All forming and welding 
stresses were relieved by normalizing. 


A WRINKLE BENDING PIPE 


A booklet describing the recently per- 
fected wrinkle-bending method for bending 
pipe has been announced by The Linde Air 
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Products Company, Unit of Unio 
bide and Carbon Corporation 
finding wide applicatio 
ticularly in the installation of 
country pipe lines, or wherever els: 


ust | tailored”’ to fit It d 


must be 1 


process 15 


upon the use of the oxyacetylene fla: 
heating a narrow band about half, 
around the pipe at the point at wi 
change in direction is desired. Wher 
band has reached a red heat the pips 
mechanically, with the heated port 
bend. This cau 
slight upsetting of the heated meta 
produces a change of direction of fror 

6 degrees 


the inside of the 


When greater changes in 
tion are required, a series of wrinkle | 
results in a smooth, long sweep bend of 
desired angle The upset metal pri 
outward from the inside of the bend 
not interfering with the flow of 
through the pipe and without restrictir 
the diameter at the bend. The wrinkl 
bending process is fully described in 
booklet, together with suggestions for 
mechanical bending of the pipe. Copies 
of this four-page, illustrated booklet, 8 

11 inches in size, and entitled ‘“‘Wrinkl 
Bending”’ are available from the nearest 
office of The Linde Air Products Company 


250-TON WELDED STEEL FLOOR 
FOR UNDERPASS 


The steel work for the concrete roadway 
under the C. M. St. P. & P. R. R.a 
Wrightwood Ave. in Chicago is a 25 
welded structure consisting 
parallel 36-inch, 240-lb 

z-inch high tensile alloy 


mainly 
I-beam ul 


steel plat 





Fig. 1—Welding Cover Plate to Bottom Flange 
of 36-Inch Beam 


Since the tracks cross the street at 

the structure is a sk 
shape; the street width is 48 feet, 8 in 

and the beams are cut about 53 feet 
inches long. Length of the perpendi 

between facia girder 7 
l inch. The beams are spaced on 2 
4'/. inch centers 


angle of 69° 50’, 


centers is 6 


Shop fabrication consisted of assembling 
Deck pla 
were welded to the top flanges of tl 
beams and 15'/, inch by 1 inch « 


5, 3, 2 and 1 beam sections. 





Fig. 2—Beam Section Assernblies Were Welded 
Upside Down 
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4 F —One of the 5-Bearn Sections Loaded for 
a Shipment, Weight, 45 Tons 


long were fillet welded along 


of the bottom flanges, and fur- 





d by 1''/y¢ inches plug welds, 
R64 hese in all Facia girders were 
four 3'/2 by 4 by °/s inch 
3 30 by */s inch webs. Two 
* und six hundred and eighty-five 
e of welding were required in the 
: fabrication of these sections, not 
4 ng the plug welds 
4 welding necessary to complete 
% mbly amounted to 436 linear feet, 
é 2'/, per cent of the total amount : welding for | 
s ng. The entire job was fabri in ee eee ile gon ms ae, menntioniinaier Senbas 
4 ; ve ‘ " Welder Building Up Tread and Flanges of aut i : MAE LY SEALCS 
5 nd installed by Wisconsin Bridge Locomotive Wheels in the Repair Shop of esting for welding Sl owever. vari 
® and Iron Company, of Milwaukee. Peabody Coal Co sade 
3 f val f lan ingle 
: LEDGMENT eae see Further int at btained 
$ ACKNOWLED rial is softer than the original tire, th cuties agg te inoeaiy: Thee sei 
4 wuthor of the paper ‘Flash Welding paired unit actually has more traction We ldine Division. Milwaul Wi 
i \lloy Steel Tubes,” which appeared in the than it had when new Chis, however, i 
; June 1939 issue of WELDING JOURNAL, dependent upon the type of electrod » 
= pages 372-373, informs us that the re- used. A hard surface may be put on if WELDING AND CUTTING 
: rch upon which the paper was based that seems preferabl EQUIPMENT CATALOG 
was conducted in the welding shops of the Officials of the Peabody Coal Co. have " ioe mati “ 
Mannesmannroehren-Werke with the as expressed satisfaction with the method desi ribing one of ! ‘ mplete lin 
of that company. The original Since many varying factors are involved S weldi aan = tine tn 
by Mr. Wilhelm Denker appeared in determining the cost of such a repair ry D 
| und Eisen, March 30, 1939 job under different conditions, it is difficult 
: to determine the exact expense per wheel "Tt 
\g Phe figure of $11 per tire, however, has been apes es : ‘ 
) MINE LOCOMOTIVE TIRES sheen 20 the ever-ell cost fer each @ job wantnnccncntte ey pr. coe Saane 
\. REBUILT recommended tt] lor welding vari 
¥ metal thick ‘ data o1 I 
Mine 43 of the Peabody Coal Co. in izes and gas pré f ting iron and 
l] has welded up 1376 worn mine WELDING PROBLEMS teel fron 8 incl thick 
s tires with a breakage of only 11 Welding Hints” is a new service 1 These cutting ita ar te as they 
u Since the development of improved cently inaugurated by the Harnischfeger include all fu 
A ng practices there has been no break Corporation of Milwauk: Phis servict Send for 
ver This coal company, with is designed toward effecting savings of writing to The Ba | g ¢ pany 
uated throughout much of south money and time ind maintaining ma 42 E. Ontar cen I 





Buy ‘“*Proven Fluxes” with Years of SAVE MONEY...BY WELDING 


Guaranteed Satisfaction behind them Jaw Plates, Gyratory and Roll 
The Trade-Name is **ANTI-BORAX” Crushers, Shovel Teeth, Hammers, 


; Tractor Tread Grousers 
Ask For Them Unequaled for Quality with 
A Flux for every metal: Cast Iron Welding Flux 


No. 1.; Brazing Flux No. 2; Braz-Cast Flux No. 4, MANGANAL 


for bronze-welding cast iron; “ABC” Aluminum 
a Flux No. 8 for sheet Aluminum and all! alloys of 
4 Aluminum; Stainless Steel Flux No. 9; Silver Reg. U.S, Pat. Office. U.S, Patents 1,276,738—1,947,167—2,021,945 
5 Solder Brazing Flux No. 10; ‘“‘Anti-Borax” Tinning 
Compound No. 11. 





io NS BME hh a Der 


Ce eee 





Il to 13%% Manganese Nickel Steel 


3 WELDING ELECTRODES, WEDGE and 
4 Send for Free Samples APPLICATOR BARS, HOT ROLLED PLATES 
ANTI-BORAX COMPOUND COMPANY STULZ-SICKLES CO. prSgie,, e142 Lafayette St., 


Fort W , Indi 
- sr tats sence Sold Thru Distributors Only 
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BOUND VOLUMES WELDING gratis to those requesting it on thei : 
JOURNAL ness stationery on November Ist 


I 


organization of P. R. Mallory & (¢ 


rn , ; Mr. Haves is widely known in t 
1s 1s probab t] ast tunit 
probably 1e la opportunity motive and metal working in 


that any company library or general REBUILDING DIES through his activities in technical orgag 
library will have to obtain a nearly com 


: zations as well as Detroit civic 
plete set of bound volumes of THE WeLp \ mid-west manufact 


urer was recently He is a charter member of the Engi: 
ING JOURNAI rhe following years art onfronted with the necessity of either Society of Detroit and has served 
still available nuuilding two new dies to conform with an iffiliate council and various com 
1929, 1930, 1931, 1932, 1933, 1934, improved product design or revamp his He is also a member of the Society 
1935, 1936, 1937, 1938 and 1939 existing dies. New dies would cost $2800 tomotive Engineers and the Ame; 
Price for the complete set—$46.75—plus and would require eight weeks to build WELDING SocIETY, serving as an off 
shipping charges Orders will be filled lo save this time and expense it was di the latter group for several years 
only as long as copies are available Phe cided to rebuild the old dies. using an also well known in Detroit vacht 
Society reserves the right to cancel this atomic hydrogen are welder The dic cles, and is recognized as one of th 


5 Te , 7 »y ' ' 
offer without further notic: were completely rebuilt in three weeks at a sailors in the area, although of lat: 
Single volumes may be obtained at $6.51 cost of only $400 


a saving of $2400 for leaned more toward power boats 
to non-members and $5.00 to member the manufacture Mr. Haves will concentrate hi 
< > ‘ ‘ ‘ : at ; 
. . re ‘ 4 . } ‘ 
Shipping charges additional Each vol The cost of rebuilding the dies included ties in the central west. and work di: 
ume bound in attractive imitation black annealing the dies for welding, the welding from the plant at Indianapolis, Ind 


leather covers with Subject and Autho operation, machining and normalizing to 


Index remove strains, recarburization to harden 
the metal, and polishing Using atomi 


WROUGHT IRON hydrogen welding for this type of work WELDING TRAINING 


netal of the same carbon content and 


rhe second edition of “Wrought Iror chemical analysis as the die material can Fusion welding has become in 

Its Manufacture, Characteristics and be added, and the shielding action of th mportant in the shipbuilding in 
Application,’’ by James Aston and Ed hydrogen atmosphere prevents the forma during recent years and has displa 
ward B. Story, has been published by tion of impuriti . during the welding opera ise of rivets in manv new marine co! 
A. M. Byers C ompany of Pittsburgh as a tion Phe build-up area showed the sme tion method 
source of up-to-date information on grain structure and hardness as the 1 of Consequently, in line with 
wrought iron rhe new edition is the only the dic I Departmen policy of k 
up-to-date published work on wrought ibreast of new developmen I 
iron, its manufacturing processes, charac its work 1 group of inspector 


teristics and fields of usefulness The MALLORY DISTRICT MANAGER Bureau of Marine Inspection and 


eight-page chapter en torch, arc, resistan ion met in Cleveland, Ohio, from I 


and forge welding contain procedur W. M. Haye Detroit district managet ver 4th to llth, to undergo a 
tables and instruction The handbook of the Air Reduction Sales Companv for intensive studv course in recent 
(97 pages, $1.00) is being distributed the past thirteen year joined th il apidly ping 


—Carbide 


DEPENDABLE 





| 
| 














EFFICIENT 


ECONOMICAL 





FOR WELDING and CUTTING 
Use National Carbide in the Red Drum 


] Lincoln Building NATIONAL CARBIDE CORPORATION ately 
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rhe Bureau has set high standards in 


its welding code governing work done or 


merchant marine vessels, and qualifica 
tion standards for personnel engaged in 


narine welding operations are equally 
stringent. Participation in courses of this 

I ned to keep the Bureau 
adequately staffed with experts capabk 


of subjecting marine welding work t 


nature Is ¢ 


esig 


rigid inspection 

rhe group, headed by James W. Wilson 
senior marine engineer ol the Bureau, not 
only engaged in extensive discussions and 
studies but also visited several large plants 
in Cleveland and vicinity and observed 
the application of welding in actual opera 
tion Leading welding authorities wer 
highly enthusiastic regarding the benefits 
to be derived from such a program as wer 
the participants themselv« 

All phases of welding as applied to 
marine construction were studied, includ 
ing flame cutting, gas welding, submerged 
melt electric welding, metallic arc welding 
nondestructive tests of welds, stress re 
lieving of welds, electric resistance butt 
welding and welding for both new con 
struction and repair: 


X-RAY COURSE 


Because of the increasing importance 
of X-ray procedures in testing materials 
in various branches of industry and art, 
New York University has scheduled thre 
courses 1n industrial radiography as part 
of the science program of its Division of 
General Education, it was announced by 
Dean Ned H. Dearborn Jelieved to be 
the first offerings of its kind in any uni 
versity in this country, the new courses 
will begin February Ist Herbert R 
Isenburger, pre sident of the St John 
ray Services, will be in charg 

Designed primarily for engineers and 
others whose work involves the scientific 
testing of materials, the new courses will 
include both a series of fifteen evening 
lectures and an opportunity for those who 
desire laboratory work to familiarize them 
selves with actual practice in an industrial 
X-ray laboratory In order to accon 
modate engineers from out of town pro 
visions have been made to enable the 
laboratory work to be taken in thirty hours 
on five consecutive days 


The lecture course will comprise, in addi- 
tion to a study of the various parts of an 
X-ray machine intended for metallurgical 
use, an explanation of the photograph 
procedure and a description of the use of 
X-ray in welding, in foundry practice, in 
various other industries and in the arts 
The interpretation of exographs will be 
discussed as well as the principles and ap 
plications of gamma-ray techniques. Ques 
tions of cost will also be taken up in the 
lectures which will be illustrated by means 
of lantern slides taken from actual pra 
tice. Field trips to X-ray laboratories 
have also been scheduled 

Mr. Isenburger, who was born and edu 
cated in Germany, has been for many 
years associated with Dr. Ancel St. John 
pioneer in the industrial use of X-rays 
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LLEWELLYN RECEIVES his profession, to his friends, an 
HONORARY MEMBERSHIP kind; a quiet and unheralded 
CERTIFICATE tinuously high-level servic: 


The older one grows the 


In a recent issue of the Journal we an tance one attaches to tl 








i lis type 
nounced that the Board of Directors by and to the deep friendshi 
inanimous vote had voted Mr. I I therefrom lo most of us, the 
Llewellyn as an Honorary Member of the ome under the heading of cl 
AMERICAN WELDING SOC]ETY This award in looking over the world situat 
was made in connection with his work in any thinking person must conclud 
the development of engineering data for only solution of the fundamental 1 
use in the design of welded structures involved will be not through s 
which has assisted in the general accep dictators, but through the levy 
tance of welding as a means of fabricating intelligent, fair-minded and fait} 
tructural steel in building construction such as our honored guest tonigl 
rhe certificate was formally presented to I have gone to him often f 
Mr. Llewellyn on the evening of Decen and he has never failed m¢ He 
ber 20th at a joint meeting of the New only fair, unbiased and witho 
York Sections of the A. W. S. and A. § dice, but sound and wise In sor 
C2 stormy days of Society affair 
Preceding the award a dinner was give1 always calm and unperturbed, lik 
in Mr. Llewellyn’s honor at the Engineer of refuge, in a storm 
Club. Some fifty members of the So But I don’t wish to leave tt 
ciety and friends of Mr. Llewellyn par sion that he is always seriou 
ticipated in the ceremonies quiet humorous way he was oft 
The certificate was presented to M1 of the party I envy him his gif 
Llewellyn by Dr. C. A. Adams, first ing long poems from memory, 
President of the AMERICAN WELDING are good 
Society and the only other living Honor “With this background, the 
ary Member of the Society Chere follow of Mr. Llewellyn’s professional 
some of the remarks by Dr. Adams seems almost petty However 
On an occasion of this kind it is cu the facts may be of interest 
tomary to recite the notable achievements ‘He was born June 1, 1869 in W 
of the recipient of the honor to be awarded is a graduate of the University of 
Sometimes the achievements are spec He came to the United Stat 
tacular; but you will not infrequently find and began as a draftsman with a 
that these spectacular achievements are, cessor of the American Bridge C 
in part at least, matters of chance or of In 1894 he went to New Orleans 
fortunate opportunity Moreover, the vise the erection of the frst 
degree of popular acclaim often varies scraper in that city, and stayed 
tremendously with the natur of the. six years. In 1900 he went 
achievement, apart from the real value of to supervise steel work in Me 
the services rendered Again there is the Some time later, he worked wit 
question of motive In some cases your negie Steel Company, and since | 
admiration alone is aroused, whereas in the date of his retirement on J 
others, the admiration, however great, is 1939, he had been associated 
secondary to the deeper emotions of friend United States Steel Corporati 
ship and trust, mpage by many years terly as Research Engineet At 
of loyal, faithful and effective service to ment he had 49 years continuo 





Ube \ puericane Alding § Y 


~~ Organized 919 — ~CIehy 


By this Diploma. certifies ~ 
that the Board of Directors ata meeting keld Nay tuverhy- fifth ,Nietecn Rundred aid 
thirty-wire, elected — 2Wrederick Thomas Blowelfis: —an Wonorary Woembe 
bas thee adoption of tee 2 following resofution - 


Wikereas, Nor. Frederick Ghomas Clowe of Cage fas rexdered a SW nal service to Hee scien: 
ad art of welding through Kie untiring efforts in the devefopurent of reliable engimeerineg dats 
for use int tre design of welded str uctures, resulting in the general acceptance of welding as 
a means of fabricating as fa steef in buildizg construction aud 


Sevelopmrent of tre ARVW.3.ands ~ 


Wikeroas, the By-Laws of the dneericax Welding Society provide that by the umanimous vot: 
of aff the nxenzbers of the Board of Directors, “Houorars, Members may be chosen front among thos 
wke Kave rewdered eminent services to welding exginecring or to its affied sciences , be it 


elected to Hoxorary Noencber stip i in te American Welding Society. 


_ 9 . - ° aa 7 
UWitrrwess our hard and seal at New Vork this fifteextk day of dunce 


Wee. Le rdtdlacee” President 


Secretary 
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Wkervas, fis wise course and faithful service kave been large factors ix the sound 


Resolved; that Mer Frederic ck Gkomras Lloweflyr, ix recoguition of Hese services bx 
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AMERICAN CHAIN & CABLE COMPANY, Inc. 





AMERICAN CHAIN DIVISION e AMERICAN CABLE DIVISION e ANDREW C. CAMPBELL DIVISION @ FORD CHAIN BL 

DIVISION e HIGHLAND IRON AND STEEL DIVISION # MANLEY MANUFACTURING DIVISION @e OWEN SILENT SPRING 
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CHAIN COMPANY, LTD. e IN ENGLAND: BRITISH WIRE PRODUCTS, LTD. @ THE PARSONS CHAIN COMPANY. \TD. e/a Business for Your Safety 


ADVERTISING 





“For many years he had been active 
the affairs of the American Institute 
Steel Construction He was Chairman 
of its Committee which prepared 
Specifications used in the design, fabri 
tion, and erection of st: ral steel for 
buildings As evidencs 
in which he was held 


high regard 
Institut 


he was presented, « h 


tirement, wit 
an engrossed resolution of appreciation 
for his 


steel fabricating industry 


contributions t the tructural 


‘He worked on the development of wid 
parallel flange structural sections and co 
operated in their national standardization 

“Since 1926 when he first became in 
terested in welding, his efforts were 
largely devoted to promoting its orderly 
growth In 1929 and 1930 he _ was 
President of the A. W. S. and later served 
on many technical committees, Board of 
Directors, Welding Handbook, Executive 
Committee, Welding Research Committee, 
Chairman of the Building Code Commi 
tee and many others 


‘Some years ago there were three Hon 
orary Members of the A.W.S. Dr. Elihu 
Thomson, the originator cf electric resis 
Fouche, the 
originator of gas welding, and the speaker 
The first two have passed on, so that I 


tance welding Edmund 


shall welcome Mr. Llewellyn into a very 
small fellowship which I hope, however 
will grow more rapidly in the near futur: 

‘Mr. Llewellyn, it is my pleasure and 
honor on behalf of the AMERICAN WELDING 
Society and its Board of Directors 
present you with honorary membership in 
this Society and to wish you many more 
years of happy service to your fellows and 
to your family 


WELDED CONSTRUCTION 


Welded Steel Construction, by 
Robert S. Hale, 170 pp. Published by the 
Pitman Publishing Corp., New York 
Price $3.00. 

Concise information on the advantage 
of welded steel construction in building 
work and on current practices in the ap 
plication of welding to such operations is 
given in this small book. It is not a text 
book on welding methods but rather a 
guide to the structural engineer or archi 
tect who wishes to gain knowledge of how 
welding can be applied to his structural 
problems. A considerable part of the book 
is given over to the application of welding 
to structural design, pointing out how 
welding construction varies from riveted 
work. Aliso included is valuable informa 
tion on estimating structural steel costs, 
a brief description of methods of fabrica 
tion and erection and a section on the in 
spection of welded work. An appendix 
includes tables of standard sections, the 
portions of the New York and Chicago 
Building codes that relate to welding, and 
the AMERICAN WELDING SOCIETY'S speci 
fications for highway and railway bridges 
by fusion welding 

Though the book itself is small it con 
tains numerous references to fuller works 
on the various subjects covered 
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WELDING IN TASMANIA 


The illustrations shown below depict 
ome welding applications in far-off Tas- 
lania 


Fig. 1—Shows a Steam Shovel in Which the 
Teeth Have Been Welded. The Big Boom 
Was Riveted at First but Failed to Stand Up 
Under Service It Was Repaired by Welding 
and Is Now Giving Excellent Service 


2—Shows a 17-Ton Foder Diesel Tray 
All-Welded 


ANNUAL MEETING 


The next annual meeting of the AMERI 
CAN WELDING Socrety will be held 
Cleveland, Oct. 20-25, 1940 


HOLLUP DISTRIBUTOR 


The Banks-Miller Supply Company of 
Huntington, West Virginia, has recently 
been appointed Hollup distributor for the 
Huntington territory The Banks-Muiller 
Supply Company is a well-known mine 
mill, electrical supply and contractors’ 
equipment house now carrying a complete 
line of Sureweld electrodes, Wanamaker 
Coated and Processed Electrodes 


WELDING GENERATOR 


Dedicated to the Man in the Helmet,” 
the Wilson Hornet bulletin just published 
by Wilson Welder and Metals Company 
New York, describes a revolutionary new 
electric arc-welding generator This 18 
page bulletin profusely illustrated with 
photographs for clear-cut definition of 
operating and construction details of this 
essential piece of welding equipment 

A unique feature of this bulletin is its 
informal, straightforward analysis of the 
arc welder’s problems, followed by a dis 
cussion of the way this analysis was ap 
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plied to the design of the Wils: 
Characteristics of the Hornet. 
tended treatment in the bookk 

exterior design, simple ad 
self-contained exciter, locked p 
versal, single-pole control and 1 
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EMPLOYMENT 
SERVICE BULLETIN 


POSITIONS VACANT 

V-92 Manufacturer of comp 

of bulldozers, trailbuilders and 
Caterpillar’’ tract 
ry competent Stru 


engineering department 


United States Civil Service 


Examinations 
Ordnan Det tment. War ] 


Senior Inspector, Ordnance 
S2H00 a vear 

Inspector, Ordnance Ma 
year 

Associate Inspec 
$2000 a year 
istant Inspect 
SiSO0 a vear 

Junior Insp. 
S1i620 a veal 


Che examinati 


1939, failed to produ 


ter to meet th an 
rvice ind 

purpose ol 
tablished as 


Appl ation 


obt 1inec 


wil 


iob shop we 
automobil 
boiler 

furnish references 

A -330 Young 
lesires work as Elect 
experience with a coal 
n Pennsylvania Singk 
go anywhere 

4-331 Position wanted 
Control Engineer or Shop Superint 
Age 30 Education college equ 
10 years’ experience in boiler and p 
vessel fields. Physical, metallurg! 
radiographic laboratories and ins} 
Production set-up, training and q 
tion of welders Thoroughly famil 
A. S. M. E. and A. S. M. E.-A. P. I 
Member A. W. S., A. S. M., A. S 
4. S. T. M., and hold National 
Certificate 

A-332. Welding Engineer 
Broad experience At 
Welding, brazing, cutting, layout 


degrees 
constructions, supervising welding 
repairs, physical welding tests, 1 
and instruction. Aggressive m 


position in industry or school 
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“AS WELDED” 
(Illustration above 
All Weld Meta! .505 
Tensile Test 
Welded with McKay Certified 
18-8 Stainless Electrodes 

Tensile Strength 88,825 psi 
Yield Point 61,700 psi 
Elongation in 2 Inches 49% 


Compare MCK 
Certified Stainless ELECTRODES 





Made by the makers 
of the ‘‘researched”’ 
ne of quality elec 
trodes, and the fa- 
us line of McKay 
Chains 


STAINLESS 
ELECTRODES 


with Any Other Make 


HE McKay “researched” line of welding electrodes has been 
augmented by a series of approved Stainless Steel Electrodes, 
and McKAY is now certifying the weld-deposit analysis that 
each stainless electrode will produce. You are invited to try 
these new Stainiess Electrodes on your own work, following your 
standard practice, and note the difference. Advantages to be 
observed are: 
1. Instant contact upon restriking arc. 
. Easy slag removal. 
. Spatter-free within practical limits. 
. Smooth bead with perfect weld contour. 
. All alloys contained in core wire. 
. Complete line of stainless-steel electrodes covering all 
chemical analyses. 


Our Newest Distributor 


JOSEPH T. RYERSON & SON, INC. 


with stocks at 


Chicago Jersey City St. Louis Detroit Buffal 
Cincinnati - Boston : Cleveland « Philadelphia - Milwaukee 


PITTSBURGH, PA. 


THE MSKAY COMPANY « ®u,7s8urse. Pa 
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RO SAREL, 


NEW OFFICERS, GENERAL een vice-president in charge of General Philip D. Reed Biography 
ELECTRIC Co. Electric’s appliance and merchandise de FOF 


2 Philip D. Reed, assistant to tl é : 
5. partment since 1930 , . : . . 3 
Charles E. Walson Elected President of 2 dent of the General Electric (¢ 
General Electric Company, Philip D. Reed Mr. Wilson was born in New York since December 1937, was born in M 
‘ ‘ “hi : ' : tv J I r 18, 1886 le beg | , ’ ’ OX 
Chairman of Board Gerard Swope Named City on Novembe 18, | H ocgan kee, Wis., on November 16, 1899 
ry , 1 ng 5 l if SUY ith 1 ‘ 
Honorary President and Owen D. Your working as an office boy in 1899 with He joined the General Ele 
ee S . ss a stituent ‘ ‘ 
Honorary Chairman Sprague Electric, a former constituen pany in its law department in 
company of General Electric. Since then dav before his twenty-seventh 
Charlies E Wilson, executive vice he has served in practically every function He holds deg both in electri 
president was elected president, and of the business and in many capacities ” aid to H eived 
Philip D. R ) gusiatued tm étan Qed . ~ ; er? ; 
vy et rps woenge 4 he rr — He went from office boy to shipping neering degree fron he Univ 
was elect hairman of the board i - 1091 1 
S ed « 10 i oat of di clerk, factory accountant, production Wisconsin in 1921 and his doctor 
rectors of the General Electric Company ; A sie - . 1094 
, “— ey manager, and then assistant superinten from Fordham University in 1924 
at the meeting ol! the directors of the Com , ¢ , ‘ 1 ' > 
‘ ’ ; pth npieascta: , _ dent of the factory in 1914. Shortly after a member of Tau Beta Pi, honor 
pany in New York City, November 17th <a 
; that he was appointed sales manager neering society 
hey will take over their new responsibili 


In 1918, the year following transfer of the 


ties anuary lst su ling Gerard . , 
: J m Vounw. —o conduit business from Sprague to General 
Swope and Owen D oung, who will be 

i Sees : Electric he became assistant general 


come honorary president and honorary , 
ae a ‘ superintendent of the Mazpeth, L. I., and 


New Kensington, Pa., works 


’ 


chairman of the board, respectively 


In 1923 he went to Bridgeport as man 


aging engineer in charge of the conduit 


and wire business, and two years later hi W 
Charles E. Wilson Biography was appointed assistant manager of Gen ; 
Charles E. Wilson, who began his career eral Electric's Bridgeport works Here 
in business as an office boy at the age of began his intimate association with th 
13, has been executive vice-president of appliance business, and in June 1928 h« 
the General Electric Company § sincs became assistant to the vice-president 4 
December 1937. It was a new position charge of the merchandise department : 
when he was appointed to it, after having During this time Mr. Wilson devoted j 
his principal efforts to the manufacturing : 
problems of the department, and in 1930 


was appointed manager of the merchan 
dise department in charge of engineeri 
manufacturing and sales In December 
of the same year he was elected a vi 

president of General Electric, and was one 
of the original members of the newly 


formed appliance sales committee of thi 





company. In 1935 he was assigned th 
additional responsibility of directing all 
appliance activities, including refrigera Mr. Reed t iob began whil ; 
tors, electric ranges and other itchen : ' , , , ERS 
appliances, as well as air-conditioning eyo ; = ao , — ; : ; 
la a rordnat ind in , ( 
equipment graduation, he became vice-presi 
Mr. Wilson is chairman of the board of ind patent counsel for the Van Heu 
the General Electric Contracts Corp i Products Company of New York. Bet 
director of the General Electric Company that he was patent solicitor for Per 
and of the Monowatt Electric Corp., of Davis, Marvin & Edmonds of New Y¥ 
Providence Electric Vacuum Cleaner and patent attorney for J]. M. Van Het 
Co., of Cleveland, and of Houses, Inc of Boston 
He is also a director of the Edison Genera! He entered the General Electric (¢ 
Electric Appliance Co., Inc., of Chicago; pany in 1926 as assistant to Vice-Presid 
Trumbull Electric Manufacturing Co., of C. W. Appleton of the company 
Plainville, Conn., and the General Electric department in New York. In 1928 he wa 
Charles E. Wilson Supply Corp , New York transferred to the incandescent lamp 


SHAWINIGAN 


For 


OXY-ACETYLENE WELDING 
AND CUTTING OF METALS 


SHAWINIGAN PRODUCTS 
CORPORATION 


EMPIRE STATE BUILDING 








OMSON 


HEADQUARTERS FOR 
Manual and Automatic SPOT, SEAM, BUTT, FLASH, 
PROJECTION, PORTABLE GUN, FABRIC and SPECIAL 
RESISTANCE WELDING PRODUCTION EQUIPMENT 


Write for FLASHES, a monthly magazine of Resistance 
Welding News and information. Sent.free on request by 


THOMSON-GIBB ELECTRIC WELDING CO. 
General Offices: 166 PLEASANT ST., LYNN, MASS. 


a Hoe 


NEW YORK,NY. 
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| UNIVERSAL OFFSET 
Water-Cooled Tip Holder 


So Se ae 


Here’s a holder that has won the plaudits of large 


spot welding users as a major advancement in 
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the resistance welding field. It has been engi- 


neered with the utmost care and constructed of 
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materials especially selected for high strength. 


high conductivity and resistance to wear. 


One of the best liked features of this Universal Off- 
set Holder is the Tip Knock-Out Device which com- 
pletely eliminates the difficulties often encountered 


in removing replaceable tapered shank tips. 


Write today for complete 


bt £4 hes specilications and prices 
=a 


e/a 


“yn ’ 
iV ’ 


%\> 
a » anil J “hide , Ph * 
h . 
a 


“gad 


Here's a time saver for every user of Papered Shank 
Welding T ips. With these holders, tips are instantly 
removed by a light hammer blow on the hose 
attachment end. It will not damage either the 
holder or tip 


Holders are furnished with standard barrel length 


of 8” and other lengths from a 
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partment, and from July 1, 1934, until his 
ippointment as assistant to the president 
in December 1937, he was general counsel 
for the lamp department 

Mr. Reed is a director of the Bankers 
rrust Company of New York, General 
Electric Compan Locke Insulate 
Corp., General Electric Contracts Corp 
Houses, In Electrica irities Corp., 
ind the Federati } : I rust 
pany, of New York 

He i 


BUILDING INSPECTORS ATTEND 
WELDING CLASS 


Fifty members of the Pittsburgh Bureau 
of Building Inspec Bureau of 


rests of Allegheny County attended the 


tion and the 


opening sé On of} in inspectors 
November 3rd at the East 
works of the 


course 
Pittsburgh 
Westinghouse Electric & 
Manufacturing Co 

Che city new welding code permits 
welded construction for the first time, and 
inspectors of the two bureaus will spend 
one day each week for 8 weeks in the 
course to obtain a thorough grounding in 
the fundamentals of welding technique 
and inspection 

John J. Murray, divisional engineer of 
the Pittsburgh Bureau of Building Inspec 
tion, and W. W. Reddie, of the Westing 
house welding ction, are directing the 
According to Mr. Reddi 
the Pittsburgh code is one of the most 


course jointly 


advanced in this country Other cities 


have drafted welding provisions into their 
building codes, but in no other instance has 
the ordinance dealt specifically with 
welding; nor have the provisions been so 
nearly in keeping with modern welding 


practice as in the Pittsburgh cod 


CHICAGO'S NEW STEEL RIVER 
TUNNEL TOWED INTO POSITION 


Spectators lined the wall of Wacker 
Drive in Chicago when the huge double 
steel tube for the State Street subway w 
anchored in the Chicago River, after 
being floated 15 miles through the lak 
from South Chicago [The tube will b 
unk to its permanent position at the bot 
tom of the river as soon as dredging opera 


tions on a 30-foot ench are completed 


RESO 
WELDING AND CUTTING EQUIPMENT 
* Welding Torches 


orches 
@ Economizers 
@ Regulators 
@ Outfits 


@ Cutting 


FIT SPECIFY REGO 
FOR PLUS PRO che « Oe 
for the buying of 
utting equipment. 


eB ASTIAN- BLESSING" 


CHICAGO 


- — wit 

end for Catalog R-120 
sf the specifications you aoee 
highest quality welding and ¢ 
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Double Tube, Concrete Covered, Arc-Welded 
Steel Tunnel Section for Chicago's New State 
Street Subway System 


Fig. l—The Tube as It Came out of Dry Dock 
with Concrete Partially Poured on Top 


Fig. 2—The Top after Additional Concrete 
Poured on Its Top Had Sunk the Structure to 
Maximum Depth Permitted for Towing 


Fig. 3—The Tube Being Towed through the 
Chicago River 


Accompanying illustrations show 
200-foot structure as it came out of the 
dry dock (Fig. 1), after some of the con 
crete had been poured on top (Fig. 2), and 
as it was being towed in the Chicago 
River to be put into position for sinking 
Fig. 3 
Chicago's new river tunnel 1 doubl 
tube ol oncrete covered steel, ZOO fer 
long, 40 feet wide and 23 feet high, weigh 
ing 6500 tons It was made buoyant by 
sealing both ends It is to carry State 
Street subway cars under the Chicago 
River 

Different 
tunnel work which 


beneath the river ton 


ordinary procedure in 
involve boring 
sinking the 
section as a unit minimizes the earth covet 
ing over it 5 feet as against 15 with con 
ventional practice his feature provide 
a slighter grade in and out of the tubs 

Built by Graver Tank and Manufactur 


East Chicago, Ind 


arc welded 


FUNDAMENTALS OF WELDING 
METALLURGY 


How many tim have you w 
obtain a very brief textbook on 1 
of metallurgy which would ena 
to understand articles on metalh 
to appreciate the etallurgical 


involved in welding? Recogn 


need for material of this sort, 
York Section has sponsored a ser 
lectures to familiarize member 
welding industry with the com 
and structures of the metals cor 
used, to show the effect of varied 
tions of heat and stress in welding 
plain heat treatment and to illustrat 
the knowledge of metallurgy can 
to control the welding processes 

In order to make these lecturt 
ally available, the Socrety will repr 
them serially starting with the Janua 
issus A complete bulletin of 47 page 
also available for sale at a dollar per 
Special prices can be arranged for 
tity lots ol ) or mor These | 
have been prepal d DY Protessor Ul 
Henry of Polytechnic Institute of Br 
lyn and Dr. G. Ek 


university, who ts 


Claussen of the 
ilso connected with t 
Welding Research Committee Inasmt 
as a limited supply is available, order 
should be placed at ones 


EMPLOYMENT SERVICE BULLETIN 


With the upturn in business the AMER! 
CAN WELDING SOCIETY performed a very 
useful function ng good availabk 
men in suitable p ions The So 
maintains th ment Service Bu 
tin without hi Members de 
to form new connections may havi 
advertisemen i ted without 
ind without indicating their nam 
JOURNAL u 1 box number in 
sil ilar box 1 
ions Vacant UW 


fore believe that employers will also fi 


with each vacancy 


ire given for Pos 


advantageous to announce their vaca! 


. Las | 
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AIR-FLOATED 


® Standard in most welding rod coating. 


® Thirty-five additional coating materials 
developed and tested in our laboratories. 


® Technical data will be sent on request. 


Cable Address “Foote Phila.” 


FOOTE MINERAL CO. 


1612 Summer Street 


Philadelphia, Pa 
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»-»2»2 Of welded construction 


Elevated water tanks of modern design are built almost 
entirely of welded construction. They typify another 
example of a well established product, long used to provide 
gravity water pressure, that has—in this modern method 
of joing metal—been given greater efficiency, simplifica 
tion of details and improved appearance. 


CHICAGO BRIDGE & IRON COMPANY 


Chicago 2155 Old Colony Bide. Birmingham 1507 North 50th Street Philadelphia 1668-1700 Walnut St. Bide. 
New York 3398-165 Broadway Bldg Tulsa 1654 llunt Bldg Boston 1565 Consolidated Gas Bldg. 
Cleveland 2282 Rockefeller Bldg. Houston 2919 Main Street San Francisco 1097 Rialto Bldg. 
Dallas 1489 Liberty Bank Bldg Detroit 1556 Lafayette Bldg Los Angeles 1455 Wm. Fox Blde. 


Fabricating plants in CHICAGO, BIRMINGHAM, and GREEN} ILLE, PA. 


Si ite et ot nll 


Petia aya a 





ADVERTISING 

















STEEL WHARFBOAT 


steel 


Steamers, 


A new welded wharfboat, for 
Line Inc., Louisville 
Terminal, was recently completed at 
Dravo Corporation’s Neville Island Ship- 


yards. 


Greene 


This structure is similar to the one re- 
cently placed in service at Cincinnati 
The hull is 296’ x 57’ x 6’ and is believed to 
be the largest piece of welded equipment 
ever launched on the rivers 

To avoid wind that would 
hamper this huge structure in its 603-mile 
journey to Louisville, Kentucky, the house 
sheeting was omitted. This will be put in 
place by the Greene Line Steamers, Inc 
after the wharfboat reaches its destination 

With the completion of this structure, 
Greene Line Steamers, Inc., will have 
modern steel wharfboat equipment at all 
three of its terminal points: Cincinnati, 
Louisville and Huntington. This new 
boat, which has a much greater capacity 
than the wooden hull it is replacing, will 
probably handle 125 new automobiles a 


resistance 


day in addition to the general cargo that is 
being transported between Cincinnati and 
Louisville by Greene Line Steamers, Inc. 


PRECAST CONCRETE COVERED 
STEEL CYLINDER PIPE 


Welding is playing a tremendously im 
portant part in the construction of a new 
pipe-line, the largest of its kind ever built, 
which eventually will carry 300,000,000 
gallons of water daily to Boston’s Metro 
politan Water District. The art of weld 
ing makes this sturdy type of construction 
possible. Two pipe are being 
fabricated by welding, one section 12'/, 
feet in diameter and 12 feet long and the 


sizes of 


other 11'/, feet in diameter and 16 feet 
long. Steel cylinders and_ reinforcing 
assemblies weigh 45 to 50 tons when 


sheathed and lined with reinforced con- 
When completed in 1940 the new 
pressure aqueduct will be 17'!/, miles 
long, connecting Wachusett Reservoir with 
a distributing point on the banks of the 
Charles River in greater Boston. Fabri- 
cation of steel cylinders and reinforcement 
assemblies for the pipe is being made by 


crete. 


72 























the American Concrete and Steel Pipe 
Company, under sub-contract to the Lock 
Joint Pipe Company, of Ampere, New 
Jersey 

In fabricating the steel sections, which 
are later covered with concrete, steel plates 
are tack-welded together to hold them in 
position for welding. To insure 
maximum strength of these seam welds a 
special plant has been developed to auto 
matically weld all of these seams. Cur 
rent for 


seam 


this automatic welding is being 





Fig. 1—Operators Making Final Seam Weld in 
Rolled Plates 





Photos courtesy General Electric C 


Fig. 2—Operators Welding Reinforcing Rings 
to Steel Cylinder Section 
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supplied by four 500-ampere tra 
The plates 
rolled to form a hollow cylinde: 
final welded. Bell at 
rings are next welded in place an 
tion is then placed on a revolving 1 


type welding sets. 


seam is 


and the reinforcing rings are we 
Welding current for this work is 
by motor generator arc welding 
ment. The steel section, weighing 
5 to 10 tons, is then ready for con 

Approximately 7000 to 8000 fi 
tween 1.3 miles and 1 
welds are made every day rt 
does not include the tack welding n« 
to attach the 
steel cylinder 


5 miles, 


reinforcement cage 


At the present rate of construct 
to 30 completed sections are turt 
per day 
fabricated 
ment assemblies is taken out of the A 
can Concrete & Steel Pipe Co 
plant. Each cylinder 
joint rings welded to it is shop té 
draulically for strength and water tig 


Every 30 minutes on 


steel cylinders and ri 


completed 


ness 


PRESIDENT, NORTHWESTERN 
UNIVERSITY 


[The Trustees of Northwestern Univer 


sity have recently announced the [nau 
of Franklyn Bliss Snyder as Pt 
dent of the 


ration 
University, effective N 
ber 15th 


WELDING WIRE BOOKLET 


rhe tentative specifications for 


steel arc-welding electrodes beins 
sidered by both the AMERICAN W! 
Society and the American Soci 


Testing Materials are offered, along w 


) 


other useful material, in a 24-page 

just issued by The McKay Company 
vice as to proper 
different mild-steel electrodes, a 
to the nature and conditions of the 


discrimination 


is given in charts and comparisot 
should be equally helpful to a 

either McKay Shielded-Arc Welding 
trodes or some other brand Tl 
catalog (E-16) may be had by writ 
general sales offices of The McKay 


pany at York, Pa 
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TELDI D rolled steel construc- 
\ nis a ‘natural.’ That’s why it 
has gained a wide acceptance in such 
icomy] iratively short time. Designers, 
fabricators and welders were quick 
to see that rolled steel construction 
placed at their disposal the entire 
range of metallurgy’s special steels — 
permitted them to use these steels 
with one another, or with 
lain steels or castings, to improve 


] 


} 
their product and reduce its cost. 

It will pay you to investigate the 
advantages that can be obtained with 
the special steels we offer for rolled 


s steel construction: U-S-S Cor-Ten 


to resist corrosion and Cor-TEN and 


F Man-TEN to reduce weight or increase 





In large or small gear fabrication, rolled steel and 
welded construction can cut fabricating time and 
and give the gears longer life and greater 
Strength. Records in our files show savings of 25% 


4 
and more achieved with this type of construction. 


costs 


This symbol 
the highest 
the finest 


represents 

quality, 
metallurgical 
Service 








strength; U-S-S Abrasion 
Steel for use where abrasive conditions 
U-S-S Heat 
Resisting Steels to combat high tem- 


Resisting 
are exceptionally severe; 
peratures; U-S-S Stainless Steels to 


of all kinds; and 
Alloy Steels to Carry 


resist corrosion 
U-S-S Carilloy 
tremendous bearing pressures. 

The photographs on this page illus- 
trate the wide range of applications to 
which Rolled Steels are being put. 
We'll be glad to give you further in- 
formation on these and many more 
jobs. Or, if you desire, a rolled steel 
specialist will talk with you personally 
about your own product—show you 


how, where and why construction with 
U-S-S Rolled Steel can improve it. 





Welding speeds construction of limestone cars. . . 


fives them longer life. The right steels, used in 
the right place, equip these cars for heavy duty 
service. Rolled steel construction lengthens their life, 


cuts weight and consequently reduces operating costs 





_. . build it Faster, Lighter, Stronger, 
Cheaper, to Wear Longer and Look 
Better with 


U-S*S ROLLED STEELS 








Rolled Steel and Castings effect 
this Roller Leveler 

this type of construct 
50% over the 
cut 15%, cost reduced 5 


ombined in 
resulting from 
mted to approximately 
method used. Weight was 


vely « 
ings im time 
on amo 


Say 


previous 


CARNEGIE-ILLINOIS STEEL CORPORATION, Pittshurch and ¢ hicage 
COLUMBIA STEEL COMPANY, San Francisco 
TENNESSEE COAL, IRON & RAILROAD COMPANY, Birmingham 
United States Steel Export Company, New York 


UNITED STATES STEEL 
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NEW PRODUCTS 





The Society assumes no responsibility 


ENGINE-DRIVEN WELDER 


A new 200-ampere engine-driven arc 
welder which is exceptional in light 
weight, small size and low cost for an 


engine-driven unit of its capacity, is an- 
anounced by The 
pany, Cleveland 


Lincoln Electric Com- 





The new welder, designated the ‘SAE 
200 J,” is of the Junior type (see photo) 
and affords a new experience in moving 
and handling engine-driven welding equip- 
ment. It is light enough to be wheeled 
readily by one man, or lifted easily on its 
single balancing hook by average moder- 
ate-capacity chain or crane falls. The 
weight is under 900 pounds 

Ease of moving and handling the unit 
is further enhanced by its size which also 
shows to advantage in the matter of floor 
space 

Floor space required for the stationary 
model is only 8 square feet 


GAS CUTTER 


The extreme flexibility of use of the 
new Airco No. 10 Planograph announced 
by Air Reduction Sales Company, New 
York, is demonstrated by its ability to gas 
cut straight lines, rectangles, circles and 
irregular shapes from ferrous metal of any 





for the validity of claims in this Section 


thickness within the present practical 
limits of the cutting torch. Although a 
Stationary-type machine, the new unit 
can readily be moved by crane to different 
localities in the shop 


The No. 10 planograph consists of a 
tracing table upon which the carriage 
travels. The torches and tracing devices 


are supported on the carriage. Operating 
on either 110 or 220 volts a. c. or d. c., the 
unit requires a minimum of floor space 
Even including the work table, the new 
planograph requires a working area of only 
5'/ex 10'/s ft 

Cutting range in single torch operation 
is 24 in. wide by 72 in. long. This length 
can be increased indefinitely in multiples 
of 72 in. by utilizing additional tracing 
tables. Maximum diameter of circle cuts 
is 24 in. When two torches, mounted on 
the regular operating bar, are employed 
for simultaneous cutting, the cutting area 
for each torch is 12 in. wide by 72 in. long 
Two circles each up to 12 in. diameter can 
also be cut with the torches mounted in 
this manner. By using an auxiliary bar, 
the cutting area of each is 24 x 24 in 


SOLDERING IRONS 


Two new soldering irons of the open- 
flame type has been announced by The 
Linde Air Products Company, a Unit of 
Union Carbide and Carbon Corporation. 


SSeS 


These soldering irons, available as part of 
the Prest-O-Lite line of air-acetylene 
equipment, offer distinct advantages to the 
user. A constant source of just the right 
amount of heat is provided by the air 
acetylene flame. This heat is instantly 
available, and once the work is started 
there are no interruptions to reheat the 
copper, since the flame is an integral part 
of the soldering iron. In addition, the 
copper is kept at a constant tempera 
ture due to the stability of the flame 
These factors mean increased operating 
speed with resultant economy, and un 
usually uniform results. 

The small soldering iron is particularly 
well suited for automotive, 
telephone switchboard, and radio work, 
while the standard soldering 
capable of handling all but the heaviest 
operations 


electrical, 
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irons are 


CHILL RING 


Wedge Protectors, Inc., of 9544 
mond Avenue, Cleveland, Ohio, an: 
the new WEDGE Backing or Chil 








































































































This new product has important features 
that make it valuable for use in industria] 
power plants and for any operation in the 
general industrial field 
welding of pipe 

The spacing bead in the center of 
WEDGE Chill Ring assures a joint of 
uniform width. This standardizes the 
amount of welding electrodes to be used on 
each joint, which controls the cost of this 
operation. A very important point 
that with the WEDGE Chill Ring 
welding operator can penetrate to 
inside of the pipe with the first layer 
weld metal. This eliminates the mai 
cause of weld failure in pipe welding 


involving — the 


COMPOSITE METAL 


Cleveland, Ohio, December 4, 1939.- 
A machine which produces a new con 
posite metal of tremendous social and e 
nomic significance has been licensed for 
manufacture by the United Engineering 
and Foundry Company, Pittsburgh, Pa 
The license has just been granted by R. E 
Kinkead, widely known engineer and 
sultant in welding 

The new metal makes available 
savings of 15% to 20% 
qualities which are better and more lasting 


cost wearing 








than those of competitive materials such 


as tin terne and galvanized steel. The 
new material is ordinary steel with the 


and nickel 

Capable of being made in thicknes 
comparable with paper 

the new metal can be produced witht 
predetermined specifications 
ess is also controllable for production 
various alloys. Pickling, shot blasting 
cold reduction, polishing or other opera 
tions may be carried out at costs which ar 
customary with ordinary materials. 


fi 


The new machine, which makes possible 


the production of this new composit 


metal, and which has just been licensed 


for manufacture, utilizes the Linc 
“Electronic Tornado’’ process of au 
matic carbon arc welding 


0.010 of an inch 


The pro 
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ELECTRIC DRIVE “‘Shield-Arc Jr.’’—world’s 
most popular low-priced d.c. welder. For a wide 
range of welding and hard-facing applications. 
Uses as little as 5c worth of power per hour. In 
ratings of 75, 100, 150 and 200 amps. Price 
$158 to $243 F.O.B. Cleveland, freight prepaid. type engine. 

freight prepaid 


ENGINE DRIVE — 200-amp “‘Shield-Arc Jr 

The new welder with a multitude of profitable 
uses in shop and field. Weighs less than 900 Ibs., 
occupies floor space of less than 8 sq. ft., is little 
more than a yard high. Dependable industrial 
Price $450 





COUPLED MODEL— New 200-amp Shield 
Arc Jr.’’, operating at 1800 r.p.m., for ** build 
your-own"’ engine driven or motor-driven welders 
Complete with Self-Indicating Dual Continuous 
Control. Lincoln's large-scale production makes 

F.O. B. Cleveland, this an unusually good bu Price $235 F.O.B 
Cleveland, freight prepaid 





NOW-—A Complete 


Line of 


200-AMP. “JUNIORS” 
to give you D.C. WELDING aZ dower codt 


PROFITABLE— Rated 40 to 250 amps. direct current 
gives you advantage of wide range of application 
including speedy welding of all common metals and 
alloys and hard-facing work of all types and sizes. 


EXACT ARC CONTROL—‘‘Job Selector’? and current con- 
trol— both continuous and self-indicating — give you 
the ideal TYPE of arc and arc INTENSITY for every 
job. No guessing. No compromise settings. You get 
the proper setting for highest weld quality and highest 
welding speed every time. 

FOR SUSTAINED WELDING — Non-inflammable insulation 
at proper points permits sustained welding with rela- 
tively large size electrodes for faster work and lower cost. 
Consult The Nearest Lincoln Office Or Mail The Coupon 

For Data On These New Profit-Making Welders 











THE LINCOLN ELECTRIC CO., Dept. 0D-658, Cleveland, Ohio 
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200-amp. Electric Driven Jur 
200 amp. Engine Driver J 
200 amp Coupled Mode! | 
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AUTOMATIC ARC WELDER 


Symbolizing the flash and whirr of 
SPEED, sentinel of industrial production, 
this weird midget motorist, seemingly 
caught in some giant test tube, is an ‘‘Elec- 
tronic Tornado” tractor-type automatic 
arc welder, manufactured by The Lincoln 
Electric Company, Cleveland, Ohio. This 
process is here fabricating 51-inch diameter 
steel pipe from */s-inch plate. Two half 
cylinders are fused together by the auto- 





matic arc welder. 


The pipe, 13!/, miles 
of it, is for the Colorado River Aqueduct 
It is being fabricated by Emsco Derrick 
and Equipment Company, Los Angeles, 
California 

Fabricated by automatic arc welding, 
the pipe is joined in the field by the manual 
shielded arc process 


ASSEMBLING STANDARD DUMP 
BODIES 


Standard dump bodies are now being 
assembled by spot welding at the truck 
plant of the Gar Wood Company in De- 
troit as the result of development of spe- 
cial deep-throated swivel-electrode guns 
of high capacity. The development has 
permitted the extensive use of formed steel 
gusset and reinforcing plates in standard 
bodies insuring high body strength without 
the use of heavy structural shapes requir- 
ing arc welding. 

Employing a total of four heavy-duty 
spot-welding guns, designed and built by 
Progressive Welder Co., 737 Piquette Ave., 
Detroit, assembly is progressive in charac- 
ter. Steel is generally of 10 gage and comes 
to the welding department on a portable, 
tilting-top carrier which accommodates 
either a right- or left-hand floor sec- 
tion, one side of which forms one body 
side—the opposite side being formed into 
channel shape. 

The first gun in the production line is 
used, first, to weld outriggers to right- and 
left-hand floor sections. In order to per- 
mit the welding electrodes to clear the 
channel (Fig. 1) the support bracket for 
the upper electrode is carried in the gun 
frame in such a manner that the electrode, 
by means of a self-locking lever manipu- 


76 


lated by the operator, can be swiveled toa 
horizontal position. When the upper elec- 
trode has cleared the channel, the elec- 
trode is turned back to welding position 
(vertical Figure 2 shows the gun in 
position for making the first of six spots, 
welding the outriggers to the floor 

The gun is then removed and the work 
tilted to bring the body side into horizontal 
position for we Iding the braces to the 
body sides. This sequence of operations 
is then repeated for the opposite body and 
floor side. 





The same gun is now used for welding 
cross members to center floor section 
(longitudinals), the swivel feature of the 
gun again permitting the gun to clear the 
depth of both left- and right-hand channels 
which are formed out of the floor center. 

The flexibility and clearance of this 


special gun are due largely to the use of 
sliding internal electrical contacts in the 
gun proper, greatly simplifying the design 
and permitting incorporation of rigidity in 
the gun frame 


MULTIPLE-OPERATOR WELDING 
SETS 


Redesign of General Electric’s 1500- 
ampere constant-potential arc-welding sets 
for multiple-operator and machine welding 
has resulted in more compact construction, 
lighter weight, improved appearance and 
greater ease of installation. In addition, 
the improved equipment has the control 
for the motor and generator mounted on 
the base, making for greater convenience 
for the operator 

Constant-potential motor-generator arc- 
welding sets are especially suited for sup- 
plying the heavy current demands of 
modern automatic welding and the exact- 
ing requirements of production hand- 
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welding by a number of operators 
a number of operators are to be s ied 
from one set, advantage can be take 
the fact that the average hand-w 
operation is not continuous. This 
sity factor of the welding load allow 
use of a smaller-capacity set in supplying 


given connected load than would 
quired if each operator were supplied | 
separate set, and because one larg: 
chine supplying a number of welding s 
tions can operate at all times near 
most efficient load point. 

The sets are equipped with standar 
driving motors for operation on dir 
current, or on polyphase alternating 
rent at any commercial voltage. Syp 
chronous driving motors may be use 
obtain plant power-factor improvement 
This often results in materially r 
power bills 


REGULATOR FOR SCARFING OR 
DE-SEAMING 


To supply the relatively large volu 
of oxygen required for de-seaming 
searfing torches, Victor Equipment C 
pany, 844 Folsom St., San Francisco 
now marketing a specially designed regula 
tor Model No. L-150 

Owing to its large gas capacity, 
regulator also serves adequately large 
pressed air installations where unif 
pressure control is desired. 

The Model L-150 regulator has an 
side diameter of 12 inches and a 
diaphragm diameter, and is provided wit 
inlet and outlet large enough to accomm 


inch i.p.s. pipe 





The regulator is designed for inlet p1 
sures up to 250 lb. and for delivery pr 
sures up to approximately 225 Ib 
mum. 


OXYACETYLENE GOUGING 
A series of new oxyacetylene gouging 
nozzles, for use with a standard hand- 
cutting blowpipe, such as the Oxweld C-s2 
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Sd. 3rd Fri. 
CHAIRMA) W. Apams, 209 No. 52nd 
: Birmingham, Ala 
SECRETARY-TRBAS.—W. L. Poore, Air 
m Sales Company, 2825 No. 
2 Ave., Birminghan Al a 
BOSTON 3rd Mon 
CHAIRMAN—F. B. MEHAFFEY, Air Re 
ion Sales Co., 122 Mt. Vernon 
. pham Crs., Dorchester, Mass 
SECRETARY P. N. Ruoc, 8 Eastern 
e., Wakefield, Mass 
CANT ON, OHIO Akron, Alliance, etc. 
RI M WaLiace, The Griscom- 
Company, Massillon, Ohio 


CHATTANOOGA, TENN. lst Wed. 
CHAIRMAN A.R McLain, 622 Ge Tgia 
Avenue, Apt. 110 Chattano ga, re enn 
SECRETARY—J. H. WelGeL, 117 Ochs 
i y, Chattanooga, Tenn 
CHICAGO 3rd Fri. 
CHAIRMAN—E. A. Bal SL BY, Link-Belt 
LO W I ] I 
SECRETARY—M. S HENDRICKS, Weld 
ng Engineer, Room 731, 506 South 
Wabash Avenue 


CINCINNATI, OHIO 


CHAIRMAN—-JAMES K. Ross, United 
Welding Co., Box 247, Middletown 
O} 

SECRETARY—LEWIS B BLAKENEY, 
Westinghouse E. & M. Co., 207 N. 3rd 


» Cincinnati, Ohio 
CLEVELAND 2nd Wed. 


CHAIRMAN—F. L. PLummagr, 2591 Char- 





TRBAS.—A. LESLIB PFBIL 


SECR 
l sal Power Corporation, Clev 





COLORADO 3rd Wed. 

CHAIKMAN—J. H. JOHNSON, Johnson 
Supply Co., Denver, Colo 

SECRETARY-TREAS.—H. W. CREAGER, 


Hendrie & Bolthoff Mfg. & Supply 
C Denver, Colo 


COLUMBUS. OHIO 2nd Fri. 
CHAIRMAN—F. S. CALDWELL, Jeffrey 
Mfg. Co., Columbus, Ohio 
SECRETARY—G. 3S. HERREN, The Sea- 
grave Corp., Columbus, Ohio 
CONNECTICUT Ist Tues. 
CHAIRMAN—JOHN J. VREELAND, ag 
Brass & Copper Co., Water ury 
Conn 
SECRETARY—H. A. PENNINGTON, A. B 
King & Co., 196 Chapel Street, New 
Haven, Conn 
DETROIT lst or 2nd Fri. 
CHAIRMAN—H_ P. Dovup, Gene 
t Co., 700 Antoinett ~~ troi 
SECRETARY—O. L ae Weldit Acety- 
lene Co., 638 Bagley, Detroit, Mich 
GEORGIA lst Mon. 
CHAIRMAN—D. B. Hunt, 484 Brent 
wood Dr. N. E., Atlanta, Ga 
SECRETARY—H. J. Lee, P. O. Box 4564, 
Atlanta, Ga 
HAWAII 4th Tues. 
CHAIRMAN—ROBERT A. PLaus, W. A 
Ramsay, Ltd lu, T 
SECRBTARY—ALAN G. SLIPPER 





y 
i 
Hawai- 
ian Gas Products Co., P. O. Box 2454 
Honolulu T. H 


INDIANA 


§ ectiONS—CHAIRMEN, SECRETARIES AND REGULAR MEETING DATES 


KANSAS CITY, MO. 3rd Mon. 
CHAIRMAN—J. L. Fizze.i, National 
Steel Prods Co., Kans as City, Mo 
SECRETARY—JAMES | KIRK Air Re 


| 


; : 4 — 
m Sales Co., Kansas City, M 


LOS ANGELES 3rd Thurs. 


CHAIRMAN—C. P. SanperR, West 
Pipe & Steel ¢ Los Angeles. ( 

S ~ RY T ( (s,0W t¥i4 
] . A ve S \ “4 \ 


LOUISIANA 


sv att . t 4XTAT . ss) A® | 
HAIRMAN U. I siCLA sHLAN, I 
rt Sulphur Co., P S I 
y if ir & i La 
s be ARY LYDE I 4 > 
1) y () 
4 ga Ta » , avew 
" 
La 


3rd ru. mame April 
HAIRMAN—C. N Hi Tr. A 


Canty, In Baltimore “Md 
SECRETARY-TREAS —R. A. MANS! 
Southern Oxygen Co., Balt wre, Md 
MEMPHIS 
CHAIRMAN—E. H. Git, National | 
tane Gas Co., Memphis, Tenn 


MILWAUKEE 


HAIRMAN—R. W. STERNKE 
] ige & Dt f VWauk \ 
S Ak (; MEYER Ma 
& V ( | 


NEW YORK 2nd Tues. except when 
Joint Meeting is held 


CHAIRMAN—CHARLES KANDEL, C1 
1 Kquiy C g 
og 
. vy, 4% y 
© BUF ARY Ls ~ MA 41 
] n Sal f $2 Stre 
AVew Y OTK x 





CHAIRMAN I ] WARM \ 
ros. Bo & Mfg. € } 
Mi 
SECRETARY—ALEXIS ASW Mar 
i rs A » M Zz } lder 
t - 1. ‘ 
‘k A vA i 
NORTHERN N. Y. Last Thurs. 
CHAIRMAN—R \ CLARK Genera! 
I tric Co v l ady, N.Y 
SECRETARY—G. A. I ¢ ral é 
C Sct a N. ¥ 
OKLAHOMA CITY lst Fri 
-HAIRMAN—K. B. Banks, P. O. Box 
77, ‘ ‘klah ma WLity, ‘ ‘kla 


SECRETARY—C. C. Wiiuis, P. O. Box 


1498, Oklahoma City, Okla 
OMAHA, NEBRASKA 2nd Thi urs 
CHAI RMAN L I THOMAS 
W ng Se iSth & gS 
maha, Ne 
SBCR ARY ‘sz McGrats, M Ta 
W ng € 4026 N as. Or 
NW 


PEORIA—CENTRAL a 


RMAP S 


Ton 
ARY A DR 


4 


PHILADELPHIA 


Prt TSSURGCH Middle Wed. 


CHAIRMAN i \ FE, i/Tayv \ 


Engin ring Wk ] y rit rgi p i 
SECR AR | MINN rs. Minnotte 
PUGET SOUND 
& ; 
SECR a k \ ng 
QUAD CITIES 
CHAIRMA} 4 k STAF N S40) 
SE CRI A} 
E] C Moline, Illinoi 
ROCHESTER, N. Y lst Thurs. 
CHAIRMAN VIN 4 an Allan | ¢ 
x W lg { i st 
S R a as 
SAN FRANCISCO Last Fri 


SAN JOAQUIN V J ALLEY 
CHAIRMAN I : anta 
Bart I . > 


ST. LOUIS 2nd Fri. 


SOUTH TEXAS 


HAIRM 


TULSA, OKLAH iOMA 


CHAIRMAN 


WASHINGTON, D C 2nd Tues 


HAIRMA)? 


SECR 
1 al 


WESTERN NEW YORK 


Last Mon. 


“HAIRMAN | Daw rl 
al ata 
Ss R AR A 
i t y 
WICHITA, KANSAS 
HAIRMAN ln 
S R AR k KF 
k a 


YORK—CENTRAL PENNA 


YOU INGS OWN (OHIO 2nd Mon. 





















cutting blowpipe, has been announced by 
rhe Linde Air Products Company. 7 
new Oxweld nozzles, which are availab 
three sizes, provide a means for quickly 
and accurately removing a narrow strip of 
surface metal from steel plate, forgir 
and casting 

lhe nozzles are so designed as to deliver 
a relatively large jet of oxygen at low 
velocity By proper manipulation of the 
blowpipe in which the nozzle has been in 


erted, a smooth accurately defined 
groove can be cut or gouged out of the sur 


face of the metal. By using various stand 
ard size nozzles and manipulations, the 
groove can be varied in width and depth at 
the will of the operator 

Important uses for these new nozzles 
ar gouging the underside of electri 
welds; removal of weld metal, such as 
temporary tack-welds and defective welds; 
preparation of plate edges for welding; 
and maintenance and scrapping opera 
tions. A wide field of miscellaneous uses 
includes gouging in metal-shaping and 
trimming processes 


ARC TORCH 


One of the important achievements ré 
cently contributed to the welding industry 
is the new Marquette Arc Torch an 
nounced by the Marquette Manufacturing 
Co. of Minneapolis, Minn 

A.C. and D.C. arce-welding users have 
long been handicapped by lack of a suit 
able attachment for doing the many heat 
ing and welding jobs that demand an in 
dependent source of heat such as supplied 
by the gas torch 





a 





With the Marquette Arc Torch and A.C 
welding current that difficulty has been 
largely overcome. With the new equip 
ment it is now possible to do general heat 
ing jobs; preheating; welding of alumi- 


num, bronze, copper, pot metal, German 


Silver and other non-ferrous metals; 
braze; solder; and apply hard surfacing 
paste 


WELDING POSITIONER 


Capacity is based on center of gravity 
of table and also 
with center of gravity of load 6 inches to 
the side of the axis of rotation 
6000 Ib 


of load 12 inches from face 
Capacity 


Tabie can be rotated through a full circle 
regardless of angle at which it is tilted 

lable can be tilted through an are of 
135° from horizontal position 

Gears for rotating the table and tilting 
the table are self-locking in all positions 
Rotating and tilting movements are each 
controlled by independent motors and 


controls 
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Height of table is adjustable from 42 
inches to 54 inches on machines with stand 
Positioner can be furnished 
with a special mounting for handling ex 


ard bases 


tremely large work 

Table can be removed so special fixtures 
or jigs can be mounted directly on Posi 
tioner. Cullen-Friestedt Company, 1300 
South Kilbourn Avenue, Chicago. III 


IRON FIREMAN 


Arc welding enables the Iron Fireman 
Manufacturing Company to produce a 
more efficient and longer-lived coal con 
veyor worm for use in its domestic, com 
mercial and industrial stokers. Here an 
operator is welding cold-rolled and twisted 
conveyor worm flights to solid steel cores 
The process is more flexible than the steel 
casting operation previously used It 








produces a uniformly true worm, 


and per 
mits the use of flights of two thicknesses 
on the seme worm, for greater stoker effi- 


ciency. This feature cuts down wear and 


adds materially to the life of the worm 

It also makes possible the use of special 
alloy steel flights on the tip end of th 
conveyor worm These flights resist wear 


and corrosion, resulting in longer life 


SPOT WELDS WITH SEAMWELDER 


Continuous automatic spot welding 
using a seamwelder—is a striking innova- 
tion recently placed in operation in 
prominent plant Che operation is 
+e ide po ibl la ly by tl adaptatio l 
to a seamwelder of a standard Weltronk 
weld-ti whi accurately cor Is 

gth of irrent is on and 1 
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automat 
cycle 

Designed and built by Exper 
Machine Company, Detroit 
is not only able to make accurat: 
spots, but also by means of an a 








imer control 1s enabled to adjust 
] th) of spots to the exact al br is 
sired, irrespective of production 1 
Designed for the purpose of 
welding 19 gage oil baffle plates 1 R p 


valve cover plates for both six 
cylinder cars, the new welder 
onveyor for carrying the work 
seam’’ rolls, a 50 kva. trar 
timer, contactor, etc., and is 


pletely self-contained 





Weltronic Interrupting Weld-Timer Enables 
Continuous Operating Seamwelder to Spot 
Weld Oil Baffle Plate to Valve Cover Plate 
$ 
Although designed for a pro 
speed of 450 pieces per hour, th 
is readily adjustable to suit any Fs 
- ; 
needed in relation to flow of part t 
duction. It thus eliminates the n 
for storage of either finished or unfit 
work at the machine—parts being w x 
at the same rate as supplied. Cl ; 
& 
conveyor speed is quickly compet ; 
for by changing the dial setting 
timer, thus retaining the same lengt 
spacing of spots irrespective of prod 
rate 
Re ete te a te eee 
SOCIETY EMBLEMS 
- oat 
These emblems are availab! 
ee : l/: 
sizes—% inch square and 1, | 
square. The prices in both cas 
are as follows: 
D 
Gold-Plated emblem with screw 
back attachment $ 
Gold-Plated emblem with safety 
low k cat h 
8 K. Gold with screw back at J 
tachment > j 


8 K. Gold—with safety lock catch 
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CHAMPION Welding Electrodes are packed 
in a heavy corrugated cardboard shipping 
container which is sealed on all sides, and 
there is imbedded in the cover a wire with a 
loop to facilitateeasy opening. Try CHAMPION 
Red Devil, Blue Devil, Gray Devil or Black 
Devil Electrodes—there is a type to meet 
your exacting requirements. ... ; Send for 
descriptive folder. 


Thanks to Champion Electrodes 


‘Trns illustration shows 
the rear view of what is believed to be 
the heaviest piece of built up struc- 
tural steel ever fabricated by electric 
welding. ...The design of this struc- 
ture called for very substantial fillet 
welds with exceptional physical prop- 
erties. CHAMPION Electrodes were used 
throughout with complete satisfaction. 








THE CHAMPION RIVET COMPANY 


CLEVELAND, OHIO 


EAST CHICAGO, INDIANA 


ADVERTISING 
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BOSTON 


The following are the programs of com 
ing meetings of the Boston Section 

January 8, 1940 Meeting place: 
Massachusetts Institute of Technology, 
Room 4-270. Speaker: Mr. J. 1. Wilson, 
Asst. Chief Surveyor, American Bureau of 
Shipping. Subject: “The Relationship 
Between Welding and Shipping.”’ 

January 16, 1940. Meeting place 
Providence Engineering Society Building, 
195 Angell Street, Providence, R. I 
Speaker: Mr. Charles H. Jennings, West 
inghouse Elec. & Mfg. Co. Subject: 
‘Welded Design.”’ 

January 17, 1940 (Joint meeting with 
American Society for Metals). Meeting 
place: Worcester Polytechnic Institute, 
Sanford Riley Hall, Worcester, Mass 
Speaker: Mr. Charles H. Jennings. Sub 
ject: ‘‘Welded Design.” 

February 12, 1940. Meeting place 
Massachusetts Institute of Technology, 
Room 4-270. Speake Mr. L. T. Be- 
noit, District Service Engineer, The Linde 
Air Products Co. of Boston. Subject 
“Hard Facing of Metals by Welding.”’ 
Speaker: Mr. C. M. Manzer, Manufac 
turing Methods Dept., General Electric 
Co. Subject: “Controlled Brazing.”’ 

March 11, 1940 Meeting place: 
Massachusetts Institute of Technology, 
Room 4-270. Speaker: Dr. V.N. Krivo 
bok, Asst. Director of Research, Alle 


gheny Ludlum Steel Corp. Subject 
“The Welding of Stainless Steels.”’ 
April 8, 1940. Meeting place: Massa 


chusetts Institute of Technology, Room 
4-270. Speaker: Dr. Charles W. Briggs, 
Technical Adviser, Steel Founders’ So- 
ciety of America. Subject: ‘‘Steel Cast- 
ings and Welded Structures.’’ Speaker: 
Mr. Vincent T. Malcolm, Metallurgical 
Engineer, Chapman Valve Manufacturing 
Co. Subject: ‘The Common Problems 
of the Foundryman, Engineer and Wel 
der.” 


CHATTANOOGA 


The Chattanooga Section of the AMERI- 
CAN WeELpING Socrety held their first 
meeting of the season Thursday evening 
October 9th, at the Hotel Patten. The 
meeting opened by installing new officers 
for the coming year, which are as follows: 
Mr. A. R. McLain, Chairman; Mr. Bert 
L. Syler, Vice-Chairman; Mr. John 
Henry Weigel, Secretary-Treasurer 

The meeting was in the form of a round 
table discussion led as follows: Mr 
Mark Holt, of the Chattanooga Welding 
& Machine Company, led the discussion on 
“Job Welding.’”” Mr. E. T. Welch, of the 
Chattanooga Vocational School, led the 


discussion on the ‘‘Educational Program.’ 
Mr. Robert Daniels, of Lincoln Electric 
Company, led the discussion on the 
“General Application of Welding from a 
Sales Standpoint.” Mr. A. C. Richard 
son, of Combustion Engineering Com- 
pany, led the discussion on “‘Light Plate 
and Structural Welding.’’ Mr. Robert 
Christie, of Wheland Company, led the 
“Welding of Castings.’ 
Mr. Freeman and Mr. Lane, of Lucey 
Boiler & Mfg. Corp. led the discussion on 
“Oil Field Boilers.’”’ Mr. C. T. Raymo, 
of Chattanooga Boiler & Tank Company, 
led the discussion on “‘Structural and Light 
Tank Welding.” Mr. E. C. Chapman, 
of Combustion Engineering Company, 
led the discussion on ‘‘Welding of Stain 
less Steels.””, Mr. A. R. McLain, of Com 
bustion Engineering Company, led ths 
discussion on “‘Unionmelt Welding.’ 

The November meeting was held on the 


discussion on 


16th In opening the meeting, a brief 
discussion was called for anyone to present 
his problems in welding to the other mem 
bers of the SocrETy 

The main feature of the meeting was a 
technicolor sound picture, ‘“‘Steel—Man’s 
Servant,’’ furnished by the U. S. Steel 
Corporation. Mr. Taylor Moore, of Ten 
nessee Coal, Iron & Railroad Company 
discussed the picture with th: 
and answered all questions pertaining to 
the film and the steel industry 

The regular monthly meeting was held 
on December 5th at the Hotel Patten 
Approximately sixty members and guests 
were present 


members 


The principal speaker of the evening was 
Mr. R. F. Wyer, Welding 
General Electric Company, Schenectady, 
N. Y. His subject was ‘Alternating 
Current Arc Welding.’’ His discussion 
included growth of A.C. arc welding, funda 
mental difference between A.C. and D.C., 
time constant of the arc and arc stability 
He also discussed the equipment nex 
sary for A.C. welding, bringing out th 
advantages and disadvantages of both 
A.C. and D.C. welding 


Engineer, 


CHICAGO 


A Get-Together Dinner in The Electric 
Club preceded the regular monthly meet 
ing of the Chicago Section held on Friday, 
November 17th, at the Chicago Lighting 
Institute. Dr. W. A. Pearl of the Armour 
Institute of Technology, presented an ex 
tremely interesting address on ‘Weld 
Zone and Pre- and Post-Welding Stresses.’ 


CLEVELAND 


The regular monthly meeting of the 
Cleveland Section was held on December 
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13th at the Cleveland Club, pr: 
dinner Mr. J. M. Unger, Develo 
Engineer, Pullman-Standard ( M 4g 






facturing Company, presented 
trated talk on ‘‘Welding in 









facture of Railroad Cars S 

motion pictures were shown : 
Mr. E. W. Forker, addressed a 

ary 10th meeting on the subject, “M 7 

facture of Process Machinery by A = 





Hammer Welding and Gas C1 







COLORADO 






The November meeting of 
was held on the Sth in the Publi 
Auditorium. Mr. Lowry and Mr.G 


gave a discussion on Field Weld 









Tanks. Mr. Creager gave a résur 
Annual Meeting and Metal Sh 


he attended in Chic igo 










COLUMBUS 
Subjects and speakers and 
meeting dates of coming meeting 





Columbus Section are as follow 





January 12, 1940—Dinner 
Hotel Fort Hayes. Speaker: (¢ 
Ramsey, Rock Island Arsenal 

Development of Field Artillery 

February 9, 194U0—Batelle M 
Institute. Speaker: T. M. Jasper 
Smith Corp. Subject 









Boller 
surance Underwriter Standards 
March 8, 1940—Dinner Meeting 









Fort Hayes Speaker E. A. M 
V.-P. in charge of Engr., Taylor W 
Corp Subject: ‘“‘Latest Develo] 





in Resistance Welding.”’ 

April 12, 1940—Dinner Meeting 
Fort Hayes. Speaker: R. G. Brigg 
American Brass Co. Subject: “W 
of Everdur and its Applications 
film, ‘‘From Mine to Consumer—t! 
of Anaconda.”’ 

May 10, 1940—Batelle Memor 
stitute. Outline of Activities and 
Batelle Memor1 













ducted Peur of 






stitute 








DETROIT 






1 


The November meeting of the I 
Section was held on the 3rd in the D 
Leland Hotel Mr. H. C. Hett 
Corpo 


Designing 







Engineer, Harnischfeger 
spoke on the 
struction Machinery for Product 
Welding.”’ 
A. O. Smith Corporation, a unique 
picture of flash-welding operatiot 
presented, showing, in slow motion 
and the expulsion of metal during ap] 
and completion of the weld 
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SEAM WELDING 


Roller Seam Welding can be applied to many existing jobs which require a gas or 


liquid tight joining of component parts. This type of welding procedure is 
especially adapted to Gasoline tanks, floats, cylindrical shapes, etc. It is some- 
times used in roller spot operations to stitch weld; the spots being spaced at 
regular intervals. Speed of weld varies with thickness and properties of stock to 
be welded. It is also controlled by the requirements of the particular application. 
If your savings are affected due to this method of welding not receiving proper 


consideration in your plant, feel free to consult any of the companies listed below. 


Resistance Welder Manufacturers’ Association 
505 Arch Street Philadelphia, Pa. 





MEMBER COMPANIES 


Acme Electric Welder Company, Los Angeles National Electric Welding Machines Co., Bay 
American Electric Fusion Corporation, Chicago City 
Eisler Engineering Company, Newark, N. J. Progressive Welder Company, Detroit 
Expert Welding Machine Company, Detroit Swift Electric Welder Company, Detroit 
Federal Machine and Welder Company, Warren Taylor-Hall Welding Corporation, Worcester 
Multi-Hydromatic Welding and Manufactur- Taylor-Winfield Corporation, Warren 

ing Co., Detroit, Mich. Thomson-Gibb Electric Welding Co., Lynn 


Welding Machines Mfg. Company, Detroit 


ASSOCIATE MEMBER COMPANIES 


P. R. Mallory and Co., Indianapolis 

S-M-S Corporation, Detroit 

Electroloy, Inc., New York 

Welding Sales and Engineering Co., Detroit 
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MARYLAND 


Mr. R. C. Fitzgerald of Consolidated 
Gas and Electric Co., Baltimore, Md., will 
lecture on the practical application of 


1 ‘ 


welding, at the January 19, 1940, meeting 
of the Maryland Section, to be held at the 
Engineers’ Club, 6 W. Fayette Street, 
Baltimore, Md 


MILWAUKEE 


Dinner and an After-Dinner Talk pri 
ceded the November 24th meeting of this 
Section which took place at the City Club 
of Milwaukee Che Welding Address was 
| nted by Mr. James Thomson, Chief 
Plant Engineer of Continental Roll and 


Steel Foundry Co., E 


re 
I ( 


Chicago, Indiana, 
‘Engineering Uses of Steel 
Castings in Welded Structures.’ Mr 
rhomson’s talk was illustrated by slides 


who spoke on 


showing an actual production job and the 

combination of castings, steel plate and 

welding 
I 


I 


L5th rhe After-Dinner Talk was given 


ie December meeting was held on the 


y Dr I Massopust, who spoke on 


Color Pictures of the Human Body with 


Infra-Red Ray Light The Welding 
Address was given by A. E. Gibson, Pre 
dent, The Wellman Engineering C 
Cleveland, Ohio, who spoke on “ Design 


Effecting Welding Co 


NEW YORK 


j Technical Meeting of the New 
York Section, AMERICAN WELDING So 
cieTY and the Metropolitan Section, the 
American Society of Mechanical Engineers 
was held on Wednesday, November 15, 
1939, at 7:30 P.M 

Engineering Societies Building, 33 W. 39th 
St., New York, N. ¥ The chairman wa 
Dr. D. S. Jacobus, Advisory Engineer, 
the Babcock & Wilcox Company Che 
first speaker was Mr. J. T. Phillips, Supe 
intendent of Boiler Shop, Foster Wheele: 
Corporation, Carteret, New Jersey Works 
Hi subject was Welding of Pre 
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M. W. Kellogg Company. Mr. Bechtk 


wa The Fabrication of Larg« 


Advance program of meetings, 194 
ri Jan. 9—Gas Machine Cuttin 
Pus Feb. 13—Flam«e lreatment f 
Steel Pu Mar. 12—Ship Welding 
ruc Apr. 9—Weldability of Steel 
Tues., May 14—Aircraft Welding I 
less otherwise specified on progratri all 
Regular Technical Meetings will be held 


in Engineering Societies Building, 
West 39th Street, New York, N. Y., start 


ing promptly at 7:30 P.M 


NORTHERN NEW YORK 





The following are the officer , 
mittees of the Northern New York Se 
tion for 1939-1940 

Chairman, R. W. Clark; First Vi 
Chairman, W. C. Hutchins; Second Vice 


Chairman, E I Potter Secretary 
Treasurer, G. A. Ros 

Executive Committe tert «pire 
May 1940) E. J. Myers and A. F. Stigl 
meie1 term expires May 1941) E. R 
Spittler and E. J. Ramer term expire 


May 1942) F. H. Miller and G. G. Sor 


Meetings and Paper \. C. Steven 
irman, W. F. Hess, H. O. Westendarp 


Membership: E. R. Spittler, Chairman 
R. F. Wyer, 
Lipsky, C 


E. F. Potter 


WESTERN NEW YORK 


The Western New York Section had 
very successful meeting on N 
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ROEBLING 


the custom-made wire 





for exacting welders 


%& BARE WELDING ELECTRODES 
¥% COVERED WELDING ELECTRODES 
¥% GAS WELDING WIRE 


ROEBLING WELDING CABLES 
Made ina complete line of rubber and braided 


types for arc welding purposes 


JOHN A.ROEBLING’S SONS COMPANY,TRENTON,N.]J 
Branci in Pris 


ONLY A FINE PRODUCT MAY BEAR THE NAME ROEBLING 


ADVERTISING 





of high-pressure and 
piping About 65 members and guests 
attended the lecture 
cally explained thx 


high-témperature 


rhe lecture graphi- 
importance of design 
and its effect upon arc welding for piping 
subject to heavy service at 
ture 


high tempera- 


On November 15th, the fifth of the 
educational series of lectures was pre 
sented by Mr. W. A. Miller, Asst. Chief 
Inspector, Chicago Division of the Hart- 
ford Steam Boiler Inspection and Insur- 
ance Company Mr. Miller’s subject 
was “‘The Inspection of Welding and the 
Qualification of Welding Operators.”’ 
Mr. Miller’s lecture clearly explained thx 
function and service of the qualified inspec- 
tion organizations to the art and industry 
of welding. About 60 
guests were present 


members and 


PHILADELPHIA 


Dr. H. J. Maxwell of E. I. du Pont de 
Nemours Co., spoke on the subject of 
“Welding Fabrication of Stainless Steel” 
at the November 20th meeting of the 
Philadelphia Section. Following his talk 
there was a lively discussion of the paper 

Mr. T. McLean Jasper of the A. O 
Smith Corporation is to address the Se 
tion on the subject of ‘Modern Welding 
and Its Developments’’ at the January 
15th meeting 

At the February 19th meeting Mr. I. T 
Hook, Research Engineer of the American 
Brass Company, is scheduled to speak on 
“Welding of Copper Base Alloys.” A 
representative of the Air Reduction Sales 
Co. will talk on ‘‘Flame Cleaning 


PITTSBURGH 


Under the direction of the newly elected 
chairman, George F. Wolfe of the Dravo 
Corporation, the Pittsburgh Section opened 
the 1939-1940 Fall Season Wednesday 
night, October 18th, in the Auditorium of 
the Mellon Institute of Industrial Re 
search, Oakland, Pittsburgh, Pa 

Speakers were V. W. Whitmer and H. 
L. Miller, both of the Metallurgical De- 
partment, Republic Steel 
Massillon, Ohio. 

Mr. Whitmer discussed the ‘Welding 
Problems in Stainless Steels in Trans 
portation Equipment” while Mr. Miller 
covered the “‘Problems in Welding Low 
Alloy High Tensile Steels in Transporta 
tion Equipment.” 

Discussions 


Corporation, 


covered general applica 
tions of stainless welding in various fields, 
but particularly in transportation and 
aircraft, and the methods used by various 
shops in the complete welding assembly 
of freight and passenger equipment. Both 
subjects were thoroughly covered by the 
speakers who used both slides and sound 
motion pictures to illustrate their discus- 
sions 

The audience of 86 members and guests 
was extremely interested and discussed 
various points brought out by the speakers 
for over an hour following the presenta 
tions 

The largest attendance of the year came 
out Wednesday, November 15th, to hear 
the speakers from Dravo Corporation 
discuss a modern welding shop layout and 
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the manufacture of welded cranes and 
hoists 

Mr. George Wolfe, Chairman of the 
Pittsburgh Section, gave a most interest 
ing paper on the modernization of their 
structural shop to suit the requirements for 
an efficient welding plant. This paper 
covered the changes made in relocation of 
equipment as well as continued a paper 
presented last year by Mr. Wolfe on the 
modern assembly plant for welding barges 
recently built by his company 

The second paper of the evening was 
presented by C. Perry Streithof, § ruc 
tural Engineer for the same company, who 
discussed the welded fabrication of gantry 
cranes, welded hoists and other 
ment used in connection with the ioists 
and cranes manufactured by his coripany 
Mr. Streithof gave in detail the ass@mbly 
and erection of the full revolving .crane 
recently furnished and erected by his 
company in aneastern shipyard and showed 
in detail many interesting connections 
used in the assembly. 


juip- 


Both papers were 
well illustrated with slides and were com 
plete in all respects 

Vice-Chairman A. E. Marble presided 
at the meeting during the presentation of 
the papers by Mr. Wolfe Following 
presentation of the papers an open dis 
cussion was held during which many of 
attendance asked 
questions about the subjects covered by 


those in numerous 
the two papers 

Announcement was made that following 
the usual custom of the 
tion no 


Pittsburgh Sec 
meeting will be held during the 
month of December 

Aluminum 


furnish the 


For the January meeting the 
Company of America will 
speakers which will be announced at a 


later date 


PUGET SOUND 


At the monthly dinner meeting held on 
Commander W. R 
Dowd, Construction Corps, | S. m., 
Erection and Welding of Naval 
Vessels to Control Distortion and Shrink 
age.”’ 

At the regular Monday night dinner 
meeting held in November, 7 reels of 
sound pictures, ‘“The Making and Shaping 
of Steel,’’ sponsored by Columbia Steel 
Mr. J. A. Luetke, 
Air Reduction Sales Co., discussed the 
“New Applications of Cutting 
Apparatus.”’ 


October 23rd, Lieut 


spoke on 


Company, were shown 


subject, 


ROCHESTER 


The Rochester Section now numbering 
one hundred members on its second an- 
niversary enjoyed for their December 7th 
meeting a “Welding in 
Power Equipment’’ by Mr. Norman L. 
Mochel of the South Philadelphia Plant 
of Westinghouse Electric and Manufac- 
turing Co 

The program promises a 
meeting of equal interest for January with 
black and white movies of the ‘‘A B C’s of 
Oxyacetylene Welding’ and a colored 
film on ‘‘Welding of Red Brass Pipe.” 
Mr. A. N. Kugler, Engineer with the Air 
Reduction Sales Co., is the speaker 


discussion on 


committee 
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anniversary 


rhe educational program of 
lectures by Prof. Wm. Conley 
University of Rochester is being attended 
by about 40% of the Society 
ST. LOUIS 

At the regular meeting of the St 
Section held on December 8th, Mr. 7 


McLean Jasper, Technical Consult 
the Sales Department, A. O. Smith ¢ 
ration, outlined the various met! 
welding from the early forge welding 
the most modern methods of today 


most interesting development wa 


multi-layer shells for heavy pressure ves 


sels 


Meeting dates, subjects and speakers 


for the first part of this year are as follows 

January 12, 1940 
Qualification Procedure,’’ by H. C. Board 
man, Chicago Bridge & Iron Co., Chica 
Illinois 


February 9, 1940 The Welding 
Stainless Steel,’”’ by A. J. Moses, ( 
bustion Engineering Co., Chattanoog: 


rennesse¢ 

March 14 140) Joint Meetings 
Engineers Club of St. Louis) W 
Joints—When to Use and How Ex 


cally to Design Them,”’ by L. C. Bibber 


1 


Carnegie-Illinois Steel Corp., Pitt 


Pennsylvania 


April 12, 1940 Proper Designs 
and Economies to be Effected by W 
ing,’’ by A. E. Gibson, Wellman I 
ing Co., Cleveland, Ohio 

May 10, 1940 Welding of Nick 
loys, by Frank Slocke, Int i a 
Nickel Co., New York, N. Y 

June 8, 1940—Annual dinner 


and entertainment 


SAN FRANCISCO 


At the regular monthly meeting ol 
San Francisco Section held on Nov 
3rd, an especially interesting prog 
Through the courtesy of 


U. S. Steel Corporation a talking | 


took place 


The Making and Shaping of Steel’’ wa 


shown, which was followed by a lively a 
interesting discussion 

Mr. James Close, 
Company, Oakland, was the 
the December 8th meeting. His su 
was on ‘“‘We'ding Problems in Ship | 


ing 


SAN JOAQUIN VALLEY 


At the October 27th meeting of tl 
Joaquin Valley Section, Mr. Ru 
Graves, Supervisor of Welding, Unt 
Company, discussed an interesting 
ject, ‘‘All-Welded Fabrication ol 
Storage Tanks.’’ Mr. Graves dis 
the welding design, procedure, tec! 
and testing employed during thi 
struction of several “‘All Welded 5 
tanks in accordance with A. P. I. 5 


ards 


A W S. Star lard 


Moore Dry Doc 


speaker at 


JANUARY 



































































































































































































































































































































line. 


. he al ; ~~ 4 ’ | 


%s we . 


nze“saves desperate 


Another chapte r in Tobin Bronze’s 
life-saving history—by E. J. Morris, 
welding and Diesel engineer of 

_ 4 e 


The Pas Lumber Co.,. Saskatchewan 


Sym “This big Diesel 8 was lumbering 
through thick woods when a large 


stick jabbed through a fuel injector line. The 
break was in the worst possible place down 
inside the nut which fastens the line to the 


injection pump. As these lines never fail in nor 


hand and to make 


mal service, no spqre was at 
matters worse, Our nearest repair depot was 


hundreds of miles away.’ 


“We decided to 
try repairing the 
line with Tobin Bronze welding. In mak- 
ing the repair, the parts were ground 
cone shaped to allow almost com- 
plete penetration of bronze; align- 
ment was secured by running a wire 
through the parts; and the weld made 
with Tobin Bronze. In about three 
hours, the machine was back at work 
and the welded line, which is sub- 
jected to pressures of 1800 to 2500 alloys, steel and iron. Tobin Bronze 
p.S.1., operated perfectly.” carries “1 trade-mark “Tobin Bronze 
This is another instance proving the Reg. U.S. Pat. Off.” in each rod. Look 
value of this Anaconda Welding Rod for this wt and be sure you are 
for difficult jobs on copper and copper _ getting the genuine. 


THE AMERICAN BRASS COMPANY, General Offices: Waterbury, Connecticut 


Bin Canada: Anaconda American Brass Ltd., New Toronto, Ont. « Subsidiary of Anaconda Copper Mining Company 


e 


A 


ADVERTISING 85 








ing, an informa 
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between 150 ane 
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WASHINGTON, D. C 











{ Meet 


Power C 


Deve lot 


men 


Chapman, 


Che Washin gton Se YI 
auca onal i re ) t 
eight or 1 e ik 1 5 to Degin al 
yt he ) iry D 4 W ll 
uunced late 
At the meeting y! Nov Ye 
Mr. H. \ Chad Aircraft | 
Carnegie-Illinois Steel Corporati 
livered a very interesting lecture 
welding of stainless steel on air 
truction The att 
ing which was a 
Society of Auto 





YORK-CENTRAL PA. 


11 The second meeting of the York 
of Central Pa. Section was held on Nove I 
27th The following officers and new 

i committees have been appointed for tl 


Chairman, J. W 


Hennessey Vi 





m Chairman, C. C. Keyser; Treasurer, A. 7 
Light; Secretary, C. B. Herrick 
) Dire 4 2 years) E. J. Brady, W. E 
Hollingshead, E. E. Rouscher l year 
me L. H. Kemper, T. J. Rainer, A. B. Heil 
h tl man 
wa Program Committee C I Herrick 
e€ Chairman, M. J. Van Dreser, E. J. Ande 
give! son, Oscar E. Weber 
art Membership Commiuttee W. B. Lat 
Chairman, Chas. W. Allen, H. W. King 
pla J. A. Tapparo, T. J. Rainer, H. W. Mot 
Audi ter 


The chief speaker of the evening was 


ing in Shipbuilding Speaker W Mr. Leon C. Bibber, Welding Engineer of 
Pierce, Welding Supervisor, New York the Carnegie Illinois Steel Corp. who pre 
Shipbuilding Corp sented a very interesting talk on Phe 
February 27, 1940 Meeting place Experimental Background of Welded 
Potomac Electric Power Co Auditorium Design This subject was very well 
Subject: Designers Problems in Welded illustrated by slides and after the presenta 
Construction. Speaker R. W. Clark tion several questions were asked of Mr 
Welding Engineer, General Electric Con Bibber all of which were taken care of 
pany very satisfactorily 
March 26, 1940 Meeting place The attendance was well ove i 
Potomac Electric Power Co.’s Auditoriun 
Subject Influence of Weld Stresses 


President 


Dinner Meeting 


Harrington | 
Developments 
Applications 
Research 


& Mfg 


{otel 


as 


Co 


Su biec t 


Me 


Applied 


pe aker 


}- 


CONTINUOUS WELDED RAIL 
An illustrated folder just issued by Ai 
Reduction Sales Company discusses Airc: 
of ack for 


car haulage 


el 


to methods iointless tr 


Dr 


preparing 


mine 


1ee! The folder describes in detail three lead 


ing methods used in the butt welding of 


Annual Banquet, A. W. S., Chicago, Oct. 2 
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FLAME GOUGING 








Flame gouging, an oxyacetylet 
i for grooving steel in eparing 
iges for welding ibed 
ently published Phe 

ontained ed eig 
booklet, 8 x ll in 

The flame-gouging rocess W 
veloped originally fo moving 
from the i ide of welds and 
moving defects revealed visually 
X-ray It now used for a vari 
other operations, including the mak 


U-grooves in plate edge preparation 


discusses various fl 


| 


booklet ame-g 


applications, and 
equipment and technique for apply 
Photographs of ac 
numerous sketches 


process 
tions and are in 
is well as tables of operating data 

Copies of this booklet 
the nearest office of The 
ts Company 


Irom 


Produ 


6, 1939 





a adescription ol 


tual apy 


are avalia 


Lind: 
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: ) INDUSTRIAL PROGRESS 
: WARD PROGRAM IS ANNOUNCED 
sv THE LINCOLN FOUNDATION 


vards Offered for Studies Speed- 
e Benefits of Industrial Progress 
proving Designs, Manufacture, 
Fabrication, Construction and Main- 
senance of All Types of Machines, 
Building, Structures and Products 


Ohio, Jan. 2, 1940.—A 2 
sram of scientific study, which 
iate in payment of $200,000 
und which should produce 
social and industrial bene 
unnounced here today by The 
Lincoln Arc Welding Founda 
58 awards are established for 
ringing out benefits of a social, 
x commercial nature, such as 
or elimination of hazards to 
health, 


rts and 


availability 
conveniences 


greater 

through 

prices, greater utility and dur 
achines and structures as well 

ial benefits such as cost savings 
advantages in manufactur: 

ym or construction 

Studies encouraged with a view to 


ng such 
I 


large-scale benefits will 
lines, products and 
including 


buses, airplanes, loco 


at 

I all 
trucks, 

freight and passenger cars 
urs, ships and boats of all types, 

ngs, bridges, houses, furniture, heat 

ng and air-conditioning equipment, elex 
efrigerators, farming machinery, 
ad-building equipment, as well as in- 
al machines and products of every 

able kind 


struc 


types auto 


Awards 


Awards, ranging from $13,700 to $100, 
ind embracing the 12 classifications and 46 
livisions into which the industrial field 
has been divided for purposes of participa 
tion (see accompanying table of Classifi 
cations and Divisions), consist of the 
following 

] Grand Award—$13,700: The Ist 
Grand Award, which will be paid for the 
best progress report submitted, will total 
$13,701 
Program Awards: Ist, 2nd 
and 3rd awards of $10,000, $7500 and 


48 Classificational Awards: Ist, 2nd, 
rd and 4th awards of $3000, $2000, 
$1000 and $800, respectively, in each of 12 
classifications 


184 Divisional Awards: 1st, 2nd, 3rd 


and 4th awards of $700, $500, $250 and 
and $150, respectively, in each of 46 divi 
ms 
223 Honorable Mention Awards 223 


awards of $100 each for papers which do 
not share in any other award but which 
deserve honorable mention 


Wide Range of Subject 


inumerable subjects are suitable for 
Study. The 12 classifications and 46 
livisions of participation 


cover every 


1940 


Classifications and Divisions of Participation 








us 
Ac ori 
Railroad C-1, Locomotive C-2, Freig g j 
Locomotive and Car Part 
Watercr D Commercial D-2, Plea 
Structural 1, Buildings and Similar St: f H 
1, Miscellaneous 
rurniture a F-1, House } a, * fice 
Fixtures 
_Lommer! i l, Con al W I ] 
tations 
Containe i-1, Conter Stationary lov 
Pipe Line t 
I Welderies I-1, Commercial Welderi ] | W 
. Functional J-1, Metal Cutting [-2, Metal | 
Machinery Prime Mover 1-5, Conveying | , ( 
[-7, Busir r-8, Fur I 
la fied ), Jig and | I il 
Mact y 
Ind ry l, Pro ‘ 2, Con 
Machinery Making; A-5, Farming; A-j, H Food Making 
A-8, T le and Clothing | Ma 
hinery not otherwise classif 
Maintenances L-1, Machinery and Mech il | ! ling h 
ind taxi fleet Li-ae, oo ip] atlo lor 
welding in Maintenan ha vad tracks, bridg« 
strengthening 10t V nM 
conceivable machine, building, structure or ondu faw ng service 1) De 
product made of ferrous or non-ferrou velopment, planning and performance of 
metal maint pa work with ar 
; welding 
Unlimited Opp. riunilte r Parti tpatior . . 
; Dedicated gel ndustrial progr 
Participation in the Progress Prograt throug ntif taterent in ond etuds 
is open to everyone who plays any part in S esc welding 900.000 Award to 
actually bringing about progress in the steealate wid iy should be pro 
executive, design, fabrication, manufa leantion Sn ° benefit 
ture, construction or maintenance phase of , 
industrial product or structure develop y Pat —s Progra 
ment Authors of studies may be execu ae a ene pos 
tives, engineers, designers, architect J , ' adler , on 
draftsmen, plant superintendents, pro ae < . — — 
duction managers, foremen, proprietors of All the — — now 
automotive garages or service station or ', —s 5 = 
owners and operators of fabricating and waren GS p aotes and 
repair shops, or any other person en erage 1 eaceenna 
gaged in the various phases previously ss of D — 
mentioned. One author, or a group of All inquir neerning the $200,V 
authors, may submit a study Any co Ind P iv Progra uid 
pany or concern may submit more than be addre retary, The James | 
one study, provided each is on a different Lincoln Arc V ation, ‘ 
subject and is prepared and submitted by a land, O 
different author or group of authors 
Studies to Cite All Benefits of Progre 
Studies may bring out any and all social 
scientific, economic and commercial bens 
fits which attest progress in industrial McKAY ELECTRODES WITH 
development. Studies must, however RYERSON 
report progress which can be attributed t 
application of the electric arc process of Josey 3 
welding within the 2 year period Chicag 
January 1, 1940, to June 1, 1942. Sucl tors of McKay f tail 
progress may involve one of the following Electrod l ghiy specialize 
1) Redesign and manufacture or cor trod vering t whole range ol 
struction of an existing machine tru alyses er intered un] teel weld 
ture, building, manufactured or fabricated ing, af , y a t Ryer 
product of ferrous or non-ferrous metal ranch I g Milwaukee I 
New design and manufacture or con Cincinnat Detroit, Cleveland, Buftal 
struction of a machine, building, etc., a Boston, Phila [ i Jersey City, a 
in (a c) Organization, development and well as t i hicag 
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HOW TO REDUCE YO, 
WELDING COs 


From coast to coast, in plants fo, 
welded structures of every de, 
Murex electrodes are helping }; 
welding costs. The reasons why oq, 
In one plant high burn-off rp 
prove an advantage. In anoth. 
deposition, or lack of spat, 


smoothness of deposit may do } 





a There is little question but , 

Fd si your plant, too, these Murex | 

“I ps can effect real economies. Why» 

» today and ask to have a reprey 

a demonstrate Murex. No obligaii 





volved. And, if you have a proble 





concerning welding procedure, } 


experience may prove extreme) 


In marine work, vertical and overhead welding goes easily and quickly with Murex Vertex (reverse We re ee ee eo Ph 
] polarity) or Genex (straight polarity). Phofo courtesy ira S$. Bushey & Sons Co., Inc., Brooklyn, N. Y PTOPSrwss GY OUR GT INS TWOMY SrOCHOSSS 
Send for your copy. 


es 
Non rER 


™ 





\niy 2700 Ibs. of Murex Type F were required for High speed deposition of consistently sound metal 

is all welded, stoybolted, jacketed still, weighing 3 saves time and money in production of the new 

) 000 Ibs. Photo courfesy John Nooter Boiler Works Lorain 79 Shovel with welded frame and boom 

S?. Louis, Mo. Photo courtesy The Thew Shovel Company, Lorain 
Ohio. 


’ 


4 


Economy of welding special machinery suchs 
gate hoist (one of four for a Govt. flood ¢ 
which even the gears ore fobricoted is pr 
by time-saving Murex Electrodes. Phofo courtesy to 
& Steel Co., Milwaukee, Wis. 





ELECTRODE! 


TI0 
4 Free-flowing Murex downhand electrodes speeded welding on this 96,200 Ib. pot chuck, 33 ft. 7 in. in METAL & THERMIT CORPORA 


diameter. Photo courtesy the fabricetors, Lukenweld, Inc., Coofesville, Po. 120 Broedway, New York, N.Y 
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